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EEPORT  OIT  CODLIITG  l-IOTH  IIIVSSTICtATIOIIS 


ZEUIT  INSECT  Division  -  1934 

!&^reau  of  Entomology  and  Plant  Quarantine, 
U.S.  Department  of  Agricult^'ore 

I.     Wm  UlIDER  PUBLIC  WORKS  ADM  1 11  STRATI  ON  EU1ID3. 


In  recognition  of  the  urgent  need  for  an  early  solution  of  the  problem 
of  spray  residue,  particularly  on  apples,  pea.rs,  and  grapes,  the  Puhlic  Works 
Administration  granted  on  allotment  of  funds  to  the  Department  of  Agriculture 
in  the  spring  of  1934  for  a  special  investigation  looking  toward  a  solution  of 
this  prohlem.     Of  the  total  grant,   the  simi  of  $103,215  was  allotted  to  the 
Bureau  of  Entomology  and  Plant  Quarantine.     To  quote  the  language  of  the  grant, 
this  was  "for  the  investigational  work  needed  on  nonpoisonous  sprays,  "bait 
traps,  parasites  and  other  methods  of  control  v/hich  will  lead  to  the  elimi- 
nation of  poisonous  sprays  now  used  on  apples,  pears,  grapes  and  other  im- 
portant fruit  crops." 

With  this  allotment  it  was  decided  to  carry  on  extensive  field  testing 
of  numerous  organic  materials,  together  with  intensive  laboratory  work  in- 
tended to  develop  new  materials  for  subsequent  testing.     In  addition,  the 
scope  of  the  investigation  was  broadened  to  include  experiments  with  light 
traps  and  materially  to  strengthen  the  work  ^ander  v/ay  with  bait  traps,  orchard 
sanitation  and  biological  control. 

The  funds  became  definitely  available  on  April  10,  at  which  time  the 
apple  trees  in  many  northwestern  orchards  were  approaching  full  bloom.  The 
late  start  was  nat^-irally  a  serious  handicap  to  the  work,  but  this  was  gradually 
overcome  as  the  season  progressed. 

Although  most  of  the  work  was  carried  on  apart  from  the  work  of  the 
regular  stations  of  the  Division,  much  of  it  was  supervised  by  field  leaders 
of  the  regular  staff.     The  Insecticide  Division  (Transferred  to  the  Bureau 
of  Entomology  and  Plant  Quarantine  Se'otem.ber  1,  1934)  participated  actively  in 
the  insecticide  investigations  at  certain  of  the  field  stations.  Special 
mention  sho'jld  be  m.ade  of  the  services  rendered  by  Dr.  R.  E.  Robinson  of  the 
Insecticide  Division  (on  leave  from,  the  Oregon  Agricultural  Experiment  Station) 
who  visited  most  of  the  field  experim.ents  and  m.ade  many  helpful  suggestions. 

Host  of  the  work  was  carried  on  in  cooperation  with  various  Sta.te 
organizations.     In  several  cases  they  permitted  the  temroorary  em.ployment  of 
members  of  their  staff,  and  furnished  quarters  and  other  facilities,  v^rithout 
which  the  organization  of  the  ?7ork  so  late  in  the  season  would  have  been  much 
more  difficult,  if  not  impossible. 

1 •     Large-scale  Eield  Ex-periments  with  Organic  Insecticides. 

The  materials  tested  included  nicotine,   derris,   cube,  pyrethrum,  and 
phenothiazine.     The  nicotine  v/as  tested  in  combination  with  oil;   in  the  form 
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of  nicotine  tennate,  a  mixture  of  free  nicotine  and  certain  mixtures  of 
tannins  referred  to  by  the  trade  as  tannic  acid;  and  as  a  factory-prepared 
nicotine-bentonite  mixture  which  had  shown  considerable  promise.     The  derris 
and  cube  were  used  in  the  form  of  very  finely  gronnd  root,  one  part  of  which 
wr.s  riixed  with  three  parts  of  a  finely  divided  kaolin,   the  final  mixture  to 
contain  approximately  1  percent  of  rotenone.     The  pyre thrum  was  -similarly 
prepared  and  contained  approximately  0.25  percent  of  pyrethrins.    Pheno thiazine 
was  su^:^ested  by  the  Insecticide  Division.     Laboratory  tests  in  the  late 
spring  were  sufficiently  favorable  to  warrant  taJcing  the  material  into  the 
field  as  far  as  the  available  supply  permitted.     In  each  series  of  experiments, 
the  standard  of  comparison  was  lead  arsenate,  applied  in  accordance  witn 
locally  prev--.dling  schedules  and  without  oil  or  other  sticker. 

In  order  to  obtain  as  conclusive  information  as  possible  during  a  single 
season,  the  tests  were  conducted  in  tliree  different  regions,  under  widely 
different  climatic  conditions.     Tests  in  the  East  were  located  at  Kearneysville 
W.  Va.;   those  in  the  Middle  West  at  St.  Joseph,  Mo.,  and  those  in  the  Northwest 
at  Parma,   Idaho,  and  Hood  River  and  Talent,  Oregon.    At  the  last-named  place 
the  e-^qoeriments  v/ere  on  pear;  at  the  other  points  mentioned  they  were  on  apple. 
At  Sanduslry,  Ohio,  tests  v/ere  conducted  on  grapes  for  the  control  of  the  grape 
berry  moth. 

In  interi^reting  the  results  of  the  experiments,   it  should  be  borne  in 
mind  that  the  better  treatmxents  were  placed  at  a  serious  disadvantage  by  being 
tested  in  plats  adjacent  to  plats  treated  with  material  which  proved  to  be 
quite  ineffective.     Since  the  greater  proportion  of  the  ma.terials  tested 
failed  to  give  control,   there  was  iindoubtedly  extensive  migration  during  the 
summer  from  the  poorly  protected  trees  into  those  treated  with  better  materials 
This  means  that  those  treatments  giving  the  best  results,   such  as  lead  arsenate 
and  nicotine-oil,  would  have  given  much  better  control  if  they  had  not  been 
exposed  to  such  extensive  re infestation.     On  the  other  hand,  it  is  safe  to 
assume  that  the  inferior  treatments  were  actually  somewhat  poorer  than  the 
figures  would  indicfite.     This  factor  was  evidently  of  special  importance  in 
the  experiments  conducted  in  the  Middle  West  and  the  Northwest,  where  the 
development  of  the  insect  extended  into  a  considerable  third  brood. 

Preliminary  results  of  the  statistical  analysis  indicate  that  conditions 
in  Liost  of  the  experiments  were  extrem.ely  variable,  and  that  differences  in  in- 
festations between  plats  to  be  compared  must  be  fairly  wide  to  be  considered 
significant,  and  that  narrow  apparent  differences  between  materials  should  not 
be  used  as  a  basis  for  conclusions  as  to  their  exact  relative  value. 

Field  Tests  of  OT^rmic^  Maji^erials  at  Kearneysville,  W.  Va. 

The  tests  of  organic  materials  imder  Eastern  conditions  were  carried  on 
at  Kearneysville,  Y/.  Va. ,  as  a  cooperative  project  with  the  West  Virginia 
Ex;periment  Station.     This  Bureau  is  very  much  indebted  to  Director  P.  D.  Promme 
and  Professor  L.  M.  Peairs  for  making  possible  the  employment  of  Edwin  Gould, 
of  the  University  Experiment  Farm  at  Kearneysville,  for  the  season's  work,  and 
for  f-ornishing  the  use  of  the  facilities  of  the  University  Parm,  which  was  used 
as  headquarters.     Dr.  P.  J.  .^chneiderhan,   in  charge  of  the  Parm,  was  extremely 
help  fill  in  many  ways. 
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The  experimental  plats  were  located  in  the  R.  W.  Border  orchard,  one 
and  one-half  miles  east  of  the  station.     Twenty  acres  of  the  orchard  were 
leased  for  the  project.    .The  trees  in  this  block  were  24  years  old;  ahout  l/s 
of  them  v/ere  Yorks  and  2/3  Staymen.     Tlie  trees  were  of  average  size  and  in 
good  vigor.     Light  pruning  had  been  practiced,   consequently  the  trees  were 
rather  thick,  often  maJcing  a  thorough  job  of  spraying  difficult.     The  orchardl 
was  in  sod  and  was  mowed  twice  during  the  season.' 

The  codling  moth  infestation  wa's  moderate,  hut  was  severe  enough  to 
give  clearcut  comparisons  of  materials".     It  v/as  surrounded  on  three  sides  by 
orchards.    A  packing  shed  in  the  east  orchard  was  a  source  of  codling  moth  in- 
festation and  resulted  in  a  more  dense  population  in  those  plats  adjoining 
that  section  than  in  those  located  in  some  other  part  of  the  block.  This 
varj'^ing  poioulation  was  also  evident  in  other  sections  of  the  block. 

The  orchard  was  divided  into  three  sections;  one  of  Yorks  and  two  of 
Stayman.    Most  of  the  plats  consisted  of  8  trees  each,  4  trees  in  each  of  two 
rows.    With  the  exception  of  treatments  llos.  34,  35,  36  and  43,   the  various 
plats  were  replicated  3  'times,  once  in  each  of  the  three  sections.     The  above 
four  treatments  v/ere  replicated  only  -tv/ice,  once  in  the  York  section  and  once 
in  a  Stayman  section  wherever  possible.     In  each  replicate  plat,  three  trees  of 
each  main  variety  in  the'  experiment  -  Yorks  and  Stayman  -  were  selected  and 
marked  as  count  trees. 

The  season  was  about  nonnal  for  the  Shenandoah  Valley,   the  calyx  spray 
in  the  experimental  orchard  being  applied  during  the  period  May  11  to  May  14. 

All  plats  were  sprayed  with  lead  arsenate  in  the  petal  fall  application, 
and  most  of  the  experimental  treatments  were  started  in  the  first  cover  spray, 
a  plat  sprayed  with  lead  arsenate  throughout  being  the  standard  of coraparison. - 
Flatation  sulphur  was  used  as  the  fungicide  in  the  first  cover  spray,  after 
which  tim.e  no  fungicide  was  used,  as  such. 


The  treatments  and  the  results  obtained  are  eriven  in  the  following 

table. 


-  4  - 


Field  Experiments  with  Organic  Materials  for  Codling  Moth  Control 

Kearreysville,  W.  Va.  -1954.  / 


TiJorm  injuries 

Wormy 

Frui  t  ; 

Worms 

;Stings 

Plat. 

Material  tested  (pounds 

:  .Used 

fruit 

; free  : 

per  100: 

per  100 

'  No . : 

per  100,  "ujiless  other- 
wise stated) 

:  wi  th 

Schedule 

from  ; 
; worms 
:  and  : 

apples 

: apples 

« 
i 

•sting_s  : 

26 

Lead  arsenate  3-100 

Alone 

Ref'Ular"'' 

percent. 
1.0  ; 

•percent 
84.2 

1.2 

18.6 

27 

I'll  c 0 1 i n e  sulpha t e 
(40^  nicotine)  1-1200 

lii/hite  oil, 
.5fo 

Do.  2 

10.2  ' 

74.5 

13,4 

22.4 

^8 

Do . 

Do . 

7-day2'^ 

1.9 

91.1 

2.0 

8.2 

Processed  nicotine- 
"bentonite  (8^  nico- 
tine) 3-100 
Do .  3-100 

Do.  3-100 

Do .  6-100 

Do.  6-100 

IJicotine  tannate,  New 
Jersey"^ 
Do . 

Do . 

Ground  derris  root  1  part, 
kaolin  3  parts,  contain- 
ing ifo  rotenone 

10-100 

Do.  10-100 
Do.  IOt-100 

Do.  5-100 
Fi  CO  tine-lDentoni  te 
(8%  nicotine)  with 
copper  6-100 
G-ro"and  pyre  thrum  1  part, 
kaolin  3  parts,  conta.in- 
ing  .25/3  pyrcthrius 

10-100 

Pheno thiamine  3.7  ITds.  1st 
&  2nd  cover;  4  Tdd-IOO 
remainder 


1. 


'Beginning  with  the  2nd  coyer  sjjray  on  regular 
lead  arsenate) 

7 

^7-day  schedule  -  11  cover 


Alone 
Yfhite  oil, 
.5fo 
Alone 

Do . 

Do, 

Alone 
Bentoni te- 
sulphur 
Alone 


Do. 
Do. 

White  oil 
.5fo  2 
Do. 


Alone 


Ifhite  oil, 

Bontoni te 
4  lbs. 

Fish  oil 
1  qt . 


Regular  schedule  -  5  cove?:  sprays,  f?.nal  application  i^ug.  2-7 


Regular 
Do . 

7-day 
Regular 
7-day 

Regular 

Do . 

7-day 


Regu-lar 
7- day 

Do. 
Do. 


Do . 


Do. 


Rcf^^ilar 


23.5 
20.6 

13.4 
16.4 
4.3 

16.5 

12.4 
4.4 


49.7 

36.9 

28.8 
30.  6 


6.9 


30.7 


36.0 


chedulD  (1st  cover  spray, 
spraj^'s,   final  application  Aiig.  23 


62.  6 
68.9 

74.5 
70.2 
88.1 

67.  6 

72.2 
83.2 


43.5 
49.2 

60.9 
59.4 


83.1 


58.3 


51.5 


29.7 
25.9 

15.4 
19.7 
4.  6 

21.3 

15.2 
4.8 


82.4 
57.4 

40.5 
42.4 


7,6 


43.5 


50.6 


23.0 
17.0 

16.7 
17.9 
9.9 

22.9 

21.2 
15.3 


34.5 
33.1 

20.5 
19.7 


12.0 


23.1 


25.3 


^Nicotine  tennate,  N.J.  formula  -  1  pint  free  nicotine  (50^  nicotine)  and 
3  pints  of  tannic  acid  in  100 
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SPHAY  IIJIJEY 

rio  serious  frait  or  foliage  injur;^,'"  v/as  caused  "by  any  of  the  materials 
or  comoinations  used  in  this  series  of  treatments.     Some  injury  resulted  from 
the  phenothiazine-oentonite-flo tation  sulph^ir-f ish  oil  comlDination  used  in  the 
first  cover  spray  in  plat  No.  43.     This  may  have  "been  caused  "by  the  flotation 
sulphur  com"bination,  since  the  subsequent  treatments  did  not  result  in  ad- 
ditional injury.    The  nicotine  tannate-lDentonite-sulphur  combination,  as  used 
in  plat  No.  35,  resulted  in  some  fruit  injury.     The  injury  was  of  the  typical 
sulphur  type.     Sulphur  sprays  cannot  he  used  with  safety  in  the  late  summer 
sprays  in  this  section. 

■    ■  SFMY  5ESIDUE 

The  residues  deposited  oy  the  various  materials  and  comiDinations ,  even 
though  for  the  most  part  nonpoisonous ,   resulted  in  severe  comm.ercial  losses. 
The  fruit  from  the  nicotine-oil  plat,  ITo.  28,   showed  a  dull  oily  finish  and 
did  not  color  well.     The  frait  from,  all  the  pyrethrum-icaolin  and  the  derris- 
kaolin  plats  carried  a  very  heavy  residue  at  harvest  time.     This  could  not  "be 
removed  by  any  of  the  standard  residue  removal  m.ethods,  and  the  fruit  v/as 
unmarketable  except  to  by-product  plants.     The  fruits  from  the  nicotine- 
tannate  plats  showed  a  dark  residue  which  required  washing  to  rem.ove»  The 
fruits  fromi  the  phenothiazine  plats  carried  a  very  heavy  black  residue  vmich 
could  not  be  removed  by  commercial  methods.    When  the  residue  was  removed, 
the  fruit  showed  a  blotched  appeara.nce  due  to  the  discolored  areas  under  the 
heavy  dark  residue. 

The  nice t ine-bentonitc  plats  were  the  only  ones  which  did  not  leave  an 
objectionable  residue  at  harvest  timie.     These  miaterials  gave  the  highest 
q"'aality  and  best  finished  fruit  of  an^''  of  the  m.aterials  used. 

Field  Tests  of  Organic  Insecticides  at  St.  Jose'oh,  Mo  ♦ 

Experiments  in  the  Middle  7,'est  were  conducted  at  St.  Joseph,  Mo.,  in 
cooperation  with  the  Missouri  Experimient  Station,  with  Howard  Baker  in  immediate 
charge.     The  work  was  carried  on  in  a  20-acrc  block  of  Jonathan  and  Ben  Davis 
in  the  Kenm^oor  orchard,  a  few  m.iles  south  of  St.  Joseph. 

The  season  as  a  whole  started  normally,   the  pink  and  calyx  sprays  being 
applied  at  about  the  usual  time.    Almost  immiediately ,  or  soon  after  the  first 
of  May,   the  weather  turned  -cLnseasonably  warm  and  dry  and  remained  so  with  but 
one  brief  interruption  (J-ane  8-12)  "ontil  August  15,  when  the  arrival  of  rains 
and  cooler  weather  broke  the  drought.     A  heavy  hail  the  m.orning  of  June  9 
caused  much  damage  in  the  experimental  block.     The  trees  suffered  severely 
during  the  extended  period  of  extremie  drought.    Many  of  the  weak  or  injured 
trees,  especially  the  older  trees  of  the  Ben  Davis  variety,  died.     The  fruit 
also  suffered  and  xriade  practically  no  growth  during  the  period  June  15  to 
August  15. 

The  spring  was  unusually  favorable  for  maximjjm  codling  moth  development 
with  the  resiilt  that  m.oths  came  out  in  large  numbers  almost  without  inter- 
ruption fromi  the  time  the  first  ones  appeared  (May  8)  ^until  June  2.     The  bait 
trap  records  sho?/  that  there  were  3  good  broods  of  the  codling  m.oth.  Spring- 
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lirood  moths  v;ere  present  in  greatest  nvanoers  from  May  11  to  June  2,  first- 
"brood  moths  from  June  25  to  July  23,  and  Gecond-"brood  moths  from  July  30  to 
Aug-ast  10.     It  is  "believed  that  the  nmiher  of  second-hrood  moths  was  severely 
restricted  "by  the  effects  of  weather  conditions  on  oviposition  on  the  part 
of  first-hrood  moths. 

Despite  the  hea.Yy  first  brood  dcmage  in  many  plats,   the  heavy  moth 
population  present,  and  the  presence  of  m^any  cracks  and  scars  due  to  the 
serious  hail  injury  which  would  ordinarily  serve  as  favored  entrance  places 
for  new  worms,  worm  damage  during  July  and  Aug-ust  was  very  light  and  far  below 
normial  expectations.     It  seems  evident  that  the  high  temperatures,  low 
humidities,  or  some  combination  of  both,  worked  to  reduce  or  prevent  normal 
oviposition  by  the  moths  during  the  period  of  extreme  heat  and  drought.  If 
eggs  were  laid,   they  apparently  dried  up  and  dropped  off,   since  they  were 
scarce  during  this  period.     Tlie  condition  reported  upon  in  this  paragraph,  as 
applying  to  the  experimental  olats,  was  general  throughout  the  Missouri  Eiver 
Valley. 

After  the  arrival  of  rain  and  cooler  weather  in  mid-August,  worm^  injury 
began  to  increase  and  tiis  injury?-  continued  until  the  end  of  harvest,  being 
heavier,  however,   from  about  September  5  to  September  20  than  in  any  other 
period  of  similar  duration  after  July  5. 

Because  of  the  late  start  on  the  work,  all  plats  were  given  a  calyx 
spray  of  lead  arsenate , with  summer-strength  lime-sulphur.  Bentonite-sulphur 
was  used  as  a  fungicide  in  the  first  cover  spray,  after  which  no  fungicide 
Y/as  used,  as  such.     The  mineral  oil  used  was  a  commercially  prepared  white 
oil  emulsion. 

On  account  of  the  d^^^ing  of  so  many  Ben  Davis  trees,   counts  are 
reported  on  the  Jonathan  variety  only.     The  finiit  was  so  badly  scarred  by  the 
hail  that  no  record  was  made  of  the  "sting"  injuries  caused  by  the  codling 
mo  th . 

Plat  1  was  repeated  6  times,  plats  2  and  8  were  in  triplicate,  and 
9-20  were  in  duplicate.     The  materials  tested,  and  the  results  obtained, 
are  given  in  the  following  table: 
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Field  Experiments  with  Organic  Llaterials  for  Codling  Moth  Control, 


Jonathan  Variety, 

S 

t.  Joseph,  ilo.  , 

Plat 

: 

:  TToriTi  injuries 

No . 

:  Material  tested  (poiands  per  100 

:  Used  with 

: Schedule 

:  YJo  iTTiy 

:  Woms 

:  gallons,  unless  otherwise  stated) 

:  fruit 

:per  100 

:  aiDiDles 

; Regular 

; Percent 

1 

'  Lead  arsenate 

-100 

;  Alone 

i  31.5 

:  43.6 

2 

I  Nicotine  sulphate  (40*^  nico— 

;  tine) 

1- 

1200 

■'^ite  oil. 

;     Do . 

:  30.1 

:  42.4 

3 

:  Do. 

!        Do . 

: 7-day^ 

:  22.9 

:  .30.4 

4 

;  Processed  nicotine-lDentonite 

:    (Sfo  nicotine) 

3- 

-100 

Alone 

:'  Regular 

.  69.3 

: 122.0 

5 

:  Do. 

3- 

-100 

White  oil 

;     Do . 

37.7 

:  51.8 

6 

:            Do . 

3- 

-100 

Alone 

I  7-day 

75.9 

: 116.4 

7 

:            Do . 

6 

-100 

Do . 

:  Regular 

59.7 

1  95.3 

8 

;  Do. 

■  6- 

-100 

Do . 

; 7-day 

48.4 

;  72.2 

9 

;  Nicotine  tannate,  New  Jersey 

•  forrmila^ 

Do . 

•  Regular 

71.5 

131.3 

10 

Do. 

Bentonite- 

SUlph^JT 

Do . 

53.5 

82.3 

11 

Do. 

Alone 

7-day 

52 . 3 

78.0 

12 

Q-round  derris  root,  1  part,  kaolin 

3  parts,  containing  ifo  rotenone 

10- 

-looj 

Do . 

Regular 

84.2 

172.9 

13 

Do. 

10- 

-looj 

Do . 

7-day  : 

88.7 

165.2 

14 

Do. 

10- 

-lOO: 

TThite  oil 

7 -day  ; 

53.0 

76.4 

15 

Do. 

5- 

-100: 

Do. 

Do .  : 

49.1 

81.3 

16 

Processed  nicotine  "bentonite 

(8^  nicotine)  with  copper 

6- 

-lOOi 

Alone 

Regij-lar  '< 

46.9  ; 

69.  6 

17  : 

G-roimd  prethriJin,  1  part,  kaolin 
3  parts,   containing  .25fo 

pyrethrins 

10- 

-lOO: 

Wliite  oil 

.5fi  : 

7-day  : 

54.9  ; 

86.1 

18  : 

Lead  arsenate  3-100  in  1st 
"brood;  nico tine-Dentonite  6-100 
remainder  of  season 

Lead  used 
Nico tine- J 
ite  with  Y\?] 
oil 

alone  ; 
snton-; 
aite  \ 

Regular  ; 

37.1  ; 

58.3 

19  i 

Do. 

Lead  used 
Nico tine- 
"bentonite  ^ 

alone; 
-T^   -  : 

fish  oil  1 

i^,  ■■ 

Regular  ; 

39.7  i 

59 . 2 

30  i 

Lead  arsenate  1st  "brood;  derris- 

Lead  used 

alone: 

kaolin  10-100  rest  of  season 

Derris  with  fish: 

oil  1/4^ 

Reg-ill ar  ; 

111.2 

Reg'alar  schedule  -  nine  cover  sprays  applied  at  approz-iinately  ten  to  twelve-da;^' 
intervals. 

^All  oil  applications  were  started  with  the  2nd  cover  spray. 
3 

7-day  schedule  -fourteen  cover  spra^-^s  aiD-olied  at  approximately  7-day  intervals. 

4 

Nicotine  tannate,  N.J.  Formula  -  1  pint  of  free  nicotine  (50^  nicotine)  and  3 
pints  of  tannic  acid  in  100  gallons  (reduced  to  2  pints  of  tannic  acid  in 
latter  part  of  season. ) 
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In  er.rli^  srjnrner  o.  brownin;-;  of  the  leaves  ■  appeared  in  all  plats  receiving 
oil.     This  v/as  "believed  to  "be  due  to  the  use  of  oil,  too  soon  after  sulphur, 
complicated.  07  high  tem;neratures .    A  sopewhat  siriilar  injury  developed  in  the 
nicotine  tannate  plats,  and  was  'believed  to  be  due  in  part  to  an  excess  of  . 
tannic  acid"  in  the  forimla.     The  proportion  of  tannic  acid  was  later  reduced. _ 

Measurements  showed  that  the  average  size  of  leaves  from  the  nico tine- 
hen  tonite-oil  plats  was  10  percent  smaller  tlian.  that  of  leaves  from  the  lead 
arse:iate  plats,  and  that  the  average  size  of  leaves  from  the  nicotine  sulrjhate- 
oil  plats,  hoth  those  sprayed  on  the  7-da7  schedule  and  those  sprayed  on  the 
regular  schedule,  was  about  16  percent  smaller  than  that  of  leaves  from  the 
lead  arsenate  plats.     It  would  appear,   therefore,   that  there  was  some  reduction 
in  size  of  foliage  due  to  the  use  of  nico tine-bentoni te  with  oil  and  a  greater 
reduction  due  to  the  use  of  nicotine  s'lliohate  with  oil. 

In  early  summer  serious  fruit  injury  developed  in  the  trees  sprayed  with 
nicotine  ttuinate  ;olus  bentoni '-e-sulphur .    An  excess  of  tannic  acid  in  the 
formula  m.ay  have  contributed  to  this  injury.     With  the  reduction  in  the  amount 
of  tannic  tacid  used  there  was  no  apparent  increase  in  the  amount  of  this  injury. 
Late  in  the  season  small  brown  spechs  appeared  on  a  small  number  of  apimles 
sprap'ed  with  nicotine  ta^mate.    During  the  period  of  extreme  heat  and  drought 
mrjiy  a:oples  were  badly  su-ibumed  in  all  olf'.ts.     This  injury  was  the  most  severe 
in  the  -.■laGs ,  receiving  oil,   especially  in  the  nicotine  sulphate-oil  plats, 
where  no  kaolin  or  other  solid  material  w-ts  iised  with  the  insecticide. 

As  the  harvest  season  approached,   s'jme  of  the  fruit  in  the  ex:peririental 
block  presented  an  unsightly  apn»earance  due  to  treatment.     Fruit  which  has  been 
sprayed  \¥ith  nicotine  sul-oi-iate-oil  was  especially  unsightly,  being  a  dull,  dirty 
green  in  color.     5'ruit  sprayed  with  derris-oil,  and  to  a  lesser  extent  that 
s-o rayed  with  p^T e thrui~i-o i  1  and  derris  alor.e,  presented  a  poor  appearance  due 
largely  to  the  accumulation  of  a  heavy  s;oray  coatin,,:;.     In  the  end,  hov/ever, 
due  to  the  'onusually  favorvable  conditions  for  maturing  and  coloring  the  fruit 
that  "orevailed  during  late  Au^^iist  and  Se;^^tember,  these  differences  in 
appearance  due  to  treo.tm.ent  were,  for  the  most  part,  er-ased. 

Zield  ?_es.ts  of  Organi c  Insecticides  at  Parma ,   Idalio . 

The  miost  extensive  field  experiments  in  the  northwest  were  conducted 
at  Pa.rm.a,    Idalio ,   in  cooi^eration  with  the  Idaho  Agricultuiral  Experiment  Station, 
which  furnished  the  use  of  the  facilities  a,vr.,ilable  at  its  Parm.a  substation, 
and  granted  R.  '^J»  Haegele  leave  of  r.bsence  to  take  immediate  charge  of  the  work, 
under  the  general  direction  of  E.  J.   •■'■ewcomer,  of  the  Ysikimia,  TTash. ,  station. 
The  Bureau  of  Sntom.olor;^-  and  Plant  Quarantine  is  very  much  indebted  to  Director 
S.  J.   Iddings  and  to  Professor  Claude  'Takeland  for  their  helrjful  cooperation. 
Dr.  P..  H.  Robinson,  of  the  Insecticide  Division  (on  leave  from,  the  Oregon 
Agricultural  Sxperiment  Stati  -n)  v/as  headquartered  c-.t  Parma  and  participated 
actively  in  the  work. 

The  orcho.rd  leased  for  this  experiment,  imown  as  one  of  the  S.  G-. 
Johnson  orchards,  was  located  about  seven  miles  northwest  of  Parma.     The  trees 
were  set  out  in  5-acre  blocks  separ.-ited  by  so-called  streets  about  40  feet 
wide,   the  distance  between  the  tree  rov-s  in  the  blocks  being  30  feet.  Tne 
Ilorth  Orchard  of  this  experiment  was  reliant ed  to  two  varieties,   there  being 
fifteen  rows  of  Winesaps  and  twelve  rows  of  Jonathans.     The  South  Orchard 
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consisted  of  two  blocks  and  is  designated  as  the  Southv.-est  and  Southeast 
Orchards.    Each  "block  included  three  rows  of  Hone  Beauty  trees,   four  rows 
of  Winesaps  and  four  rows  of  Jonathans. 

Treatments  1  to  11  and  17  were  plotted  in  the  IJorth  0_-chard  \;ith  eight 
replications  or  plats  for  each,   four  on  each  of  the  two  varieties.  Treat- 
ments 101  and  12  to  16  were  plotted  in  the  Southwest  Orchard  with  six  re'oli- 
cations,or  tv^o  on  each  of  the  three  varieties.     Tlie  Southeast  Orchard  v/as 
sprayed  v/ith  lead  arsenate  the  first  four  cover  sprays  extending  through  the 
period  of  the  first  "brood.     The  last  four  sprays  were  treatments  21  to  32, 
mostly  with  six  replications  or  two  on  each  variety.     In  the  ITorth  Orchard, 
records  were  taken  fror.  one  tree  in  each  plat,  an.d  in  the  t\70  south  orchards, 
records  were  taken  froi-i  tv/o  trees  in  each  plat.     The  replications  were  arranged 
at  random.     There  were  four  or  more  trees  in  each  "olat  excepting  in  a  fev;  cases 
where  missing  trees  reduced  the  niimlDer  to  three.     The  plats  did  not  include  any 
trees  next  to  the  sheds  or  "buildings  located  along  the  street  "between  the  north 
and  south  orchards. 

Tiie  orchard  is  about  20  years  old.  made  ut:'  of  healthy  well  cared  for 
trees  in  f-oJ.1  bearing.     The  trees  were  properly  pruned  in  the  spring  and  re- 
ceived a  dormiant  spray  for  sC'-rle  control.     The  orchard  management  during  the 
season  conformed  to  approved."  orchard  practice  in  the  district.     It  v/as  irrigated 
four  times,  sufficient  to  insure  proper  growth  of  the  frj.it  a.nd  wood.  The 
fruit  was  thinned  between  Kay  23  and  June  7,   to  reduce  the  ncJinber  of  apples  on 
a  tree  to  the  size  crop  best  suited  for  size  £:nd  quality  of  fruit,  and  to 
eliminate  "doubles"  or  "clusters".     Ivliere  a-oples  liang  together  as  "doubles" 
or  in  "clusters",   the  larva.e  gain  entro.nce  to  the  apples  at  the  noints  of 
contact  where  it  is  difficult  to  apply  the  spray  material.     The  crop  v/as  not 
heavy  on  the  orchard,  but  set  to  an  excessive  degree  in  large  clusters,  an( 
unusual  condition.    After  these  clusters  v/ere  broken  the  resiilting  crop  vras 
rather  light. 

The  loose  bark  was  scraped  from  the  trees  in  early  sun^mer  ajid  the 
trunks  banded  with  tv/o-inch  strips  of  corrugated  paper.     Thousands  of  larvae 
that  v/o"ald  otherwise  seek  protection  for  cocooning  in  the  loose  bark,  entered 
the  corraga-ted  paper  bands  to  s^-)in  cocoons.     These  bands  were  not  trea.ted  since 
they  are  to  be  remioved  for  trie  collection  of  the  larvrte. 

The  spray  outline  v/as  arranged  to  have  certain  trratments  applied  on 
the  regular  spray  schedule  of  the  district  as  determined  by  the  activity  of 
the  moths.    I'or  the  last  few  years,  five  to  seven  applications  hiave  sufficed 
to  give  control.     The  other  schedule  called  for  7-day  applications,  "oroviding 
a  maximum  number  of  sprays  for  comparison  to  the  regular  schedule  with  a 
minim-^om  nw.:ber.     It  was  first  planned  to  apply  six  ajid  ten  cover  sprays  for 
the  two  schedules,  but  the  spring  of  1934  o;oened  up  about  tliree  weeKs  aJiead  of 
normal,  and  it  developed  that  a  corr!r.:ercial  spray  schedule  of  nine  to  twelve 
applications  was  necessary"  in  this  section  to  produce  a  clecin  crop.  The 
program  for  the  experiment,  therefore,   developed  to  eight  applications  for  the 
regular  schedule  a^id  tv/elve  for  the  7-day.    An  additional  spray  might  have 
been  applied  in  August,  "but  the  condition  of  the  crop  did  not  warrant  it. 

Dr.  H.  PI.  Hobinson,   chemist  for  the  pro.iect,  assisted  in  supervising 
the  correct  preparation  and  the  mixing  of  the  materials  to  advantage.  Dr. 


Robinson  .  tested  the  al>5ilin-  v"  of  the  spray  water  and  advised  the  addition  of 
56  cc.  sulphuric  acid  to  300  -■allons  of  water  to  give  a  neutral  spray.  In 
order  to  prepare  a  neutral  oil  emulsion,  he  also  advised  the  use  of  a  skim 
milk  formula  in  making  the  emulsion.     Dr.  Robinson's  advice  was  followed  in 
the  preparation  of  the  nicotine  tannate  sprays,  and  he  prepared  and  mixed  the 
material  for  treatment  Ho.  30. 

In  general,   the  procedure  for  mixing  the  spray  materials  in  the 
sprayer  tank  were  as  follows.     The  tank  was  filled  two-thirds  full  of  water 
when  56  cc  of  sulphuric  acid  was  added.     The  powdered  organic  spray  materials, 
first  mixed  with  water  to  a  free-flowing  consistency,  were  then  added-  Wlien 
oil  was  used,   the  required  amount  of  oil  emulsion  was  stirred  into  the  wetted 
org^mic  rndxt'ore  before  adding  to  tanlc     For  the  nicotine  tannates,  the  sulphuric 
acid  was  added  to  the  tank  one-third  full  of  water,   the  tannic  acid  added  next, 
and  then  the  free  nicotine,  and  where  the  bentoni te-sulphur  was  used  it  i,;as 
added  last.     The  nicotine  sulphate  was  added  to  the  tank  after  neutralizing 
the  water,  and  then  the  oil  emulsion.     The  tank  agitator  \ms  kept  running  . 
while  all  sprays  were  mixed. 

Dr.  Robinson's  formula  for  the  preparation  of  the  oil  emulsion  was 
as  follows: 

"Add  2  gallons  of  water  to  12  ounces  of  powdered  milk,  stirring  in 
a  little  at  a  tim.e  until  a  smooth  paste  is  formed,  then  adding  the  remiainder. 
Transfer  mixture  to  the  mixer  and  with  agitator  going,  pour  in  slowly  through 
funnel  4  gallons  of  oil.  Mix  for  about  5  minutes  to  produce  a  creamy  oil-in- 
wa.ter  emulsion.  This  contains  about  bisfc  oil.  For  ,5)2  strength  in  spray,  use 
3  quarts  of  this  emulsion  to  100  gallons." 

The  oil  used  was  a  su_   er  type  spray  oil  90^  unsulmonatable  and  64 
to  70  seconds  viscosity  at  100°  F. ,   Saybolt  Universal. 

The  details  of  the  treatments  are  given  in  the  follo\/ing  tables: 
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!Field  Experiments  -vith  Organic  Materials  for  Codling  L'otli  Control 
North  Orchard,   Parma,   Idaho  -  1934 
(Averg.ge  of  four  replicates  on  Jonathguis  and  fov--  on  Winesaps-) 


Plat 

Material  tested  (pounds  per 

1 

■  Used  v; it ]rj Schedule 

X  ilio 

O  0  xiigjO 

No. 

100  gallons  unless  other- 
wise stated) 

f  rui  t 

J.  X   ^  ^ 

f  roiTi 
v:o  ms 
and 
s  tings 

|JCX 

100 

apples 

Tier 
100 

apples 

Regular"^ 

 -- 

Percent 

Percent 

1 

X 

Alone 

DO  • 

<s  •  b 

p 

T'lr'ni'iTio    onl  ti  V.  o  t  o 

ivnite  oiJ- 

f-^O"^  nipotine')             1-1  POO 

UO  . 

xv^  • 

1  "^0  ^ 

110  0 

3 

Do . 

JJO  . 

ciay^ 

P7  P 

fiP  0 

83.  7 

(8^  nicotine)  6-100 

Alone 

Regular 

94.4 

2.6 

277.9 

39.4 

4 

Processed  nicotine-ben ton- 

Xoc     \0  jO    Ii±UUL/XIic>               O     J.  WW 

Do . 

Do . 

J. .  ± 

OPT 

AO,  1 

1=; 

T\i-\                                       "X    1  OO 
JJO  •                                   o  -LUU 

White  oil 

Do . 

so.  4 

7.4 

178.7 

43.0 

6 

Do .  3-100 

Alone 

7-day 

92.8 

2.0 

265.8 

41.0 

< 

Ti                                    r   ~\  r\r\ 
UO  .                                b— iO'J 

Do . 

Regular 

87 .2 

o . 

197.  / 

52.7 

Q 
O 

T\r\                              c  1  r\r\ 
DO  >                            b— lUU 

Do. 

7-day 

r  y .  o 

Q  O 

o  .2 

lbo.2 

OO  .  U 

Q 

Nicotine  tannate  (tannic 
acid  2  pts-100  gal.;  50^ 
free  nicotine  1  pt.- 

luu  gal • y 

Do . 

Regnal  ar 

81 . 7 

5.4 

195.  6 

75.  6 

10 

Ni  CO  t i ne  t anna  t e  ( t ann i  c 
acid  2  pts-100  gal.-;  50^/^ 

Bentonite-' 
sulphur 

100  gal.) 

2-100 

Regnal  a  r 

67.6 

15.0 

136.8 

59.0 

11 

Do. 

Alone 

7-day 

70.4 

12.0 

147.4 

56.4 

17 

G-round  pyrethrur.  1  part, 
kaolin  3  parts,  contain- 
ing .25^  pvrethrins 

l^'hite  oil 

10-100 

Do . 

89.8 

6.7 

228.3 

24.0 

Regular  schedule  -  8  cover  sprays,  final  application  July  30  to  A^ag'ust  5. 
7-day  schedule  -  12  cover  sprays,  final  application  August  9-10. 
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?  Field  Ejcr^eriments  with  Organic  Materials  for  Codling  Motli  Control 

'  ,  Southwest  Orchard,  Parma,    Idaho  -  1934 

;  -   ■    (Average  of  two  replicates  each  on  Jonathan,  Winesap,  and  Rome) 


Plat 
tJo. 

Used 
wi  th 

: Schedule 

Worm  injiiries 

:  per  100  gallons) 

Fruit  firefe  "ITorms 

:  Stings 

:  f rui  t  : 

1  X  X  UlU  • 

►WUXiilo  cuiu. 

•np-r  100 

:per  100 
:  apples 

stings  : 

:Percent: 

1  X  cX  Ucii  \j  » 

101  : 

Load  arsenate 

3-100; 

Alone  ; 

Regular  ; 

68.0 

317.3 

12  : 

G-round  derris  root 
part,  haolin  3  pti 
containing  ifo 

»  ; 

rts,  j 

ro tenone 

10-100: 

Do. 

Do.  . 

98.5 

0.7  ; 

416.3  ' 

27.9 

13  : 

Do. 

10-100; 

Do .  ; 

7- day 

97.4 

1.4  : 

386.6  ; 

20.5 

14  i 

Do. 

lo-loo; 

Tfnite  oil; 

.^b  : 

Do.  i 

95.4 

2.1  : 

307.4  . 

26.7 

15  : 

Do.^ 

5-lOoi 

Do.  ] 

Do .  : 

95.3 

2.3  : 

303.9  ; 

25.4 

16  : 

G-rouiid  cuhe  root  1 
part,  kaolin  3  pa 

rts ,  ' 

containing  1%  rot en-  : 

one 

10-100: 

Alone 

Do. 

98.6 

1.0  i 

481.9  ; 

16.9 

Field  E:voerim.ents  with  Organic  Materials  for  Codling  Moth  Control 

Southeast  Orchard,  Parma,   Idaho  -  1934 
(Average  of  two  replicates  each  on  Jonathan,  Ifinesap  and  Rome.) 


Material  tested  in  cover 

W^rm.  In.iuries 

Plat. 

sprays  5-8  (Lead  arse^iate 

: Wormy 

:  Frui  t 

;  Worms 

:  Stings 

Nq.  : 

3-100  in  calyx  spray  and 

Used 

:  f  rui  t 

:  free 

:per  100 

:per  100 

covers  1-4) 

with 

:  from. 
: worms  & 
: stings 

: apples 

:  apples 

Percent; 

Percent; 

21  • 

Lead  arsenate  3-100 

Alone  : 

66.3  : 

2.4  : 

181.6  ' 

318.2 

Nicotine  sulphate  1-1200 

\Tnite  oil  ,5^;^ 

69.9  i 

6. 5  ; 

154.7  : 

155.8 

Processed  nico tine- 
ben  tonite  (3fo 

■ 

nicotine)  3-100 

Do.  ' 

77.4  ! 

6.7  \ 

193.3  i 

92.9 

25 

G-rouiid  derris  root,  1  part, 
kaolin  3  parts,  contain- 

ing ifo  ro  tenone  5-100 

,  Do.  [ 

83.2  ; 

2.1  i 

315.9  : 

110.7 

26 

■3-rouii6.  cube  root  1  -oart, 
kaolin  5  parts,  contain- 

ing ifo  ro  tenone  5-100 

Do . 

91.3 

1.6  ; 

304.9  ; 

131.8 

27 

'G-round  pyrethrum  1  part, 
kaolin  3  parts,  contain- 

ing .25>.  pyrethrins  5-100 

Do. 

92.6 

1.8  ; 

328.3  \ 

105.9 

30 

Anahasine  sulphate  40^3,  di- 
;   luted  to  contain  .25/o 

en  tonite  4—100 

j  anahasine 

VJhite  oil  .  5f: 

91.5 

3.3  : 

292.3  : 

88.1 

31  ] 

Derris  with  kaolin,  contain- 

'  ing  o^-^  rotenone  3-100 

'"hite  oil  . 

82.5 

5.1  ; 

224.8 

126.  6 

Jonathan  and  "^^inesap  only. 


In  addition,  a  limited  test  was  conducted  of  pheno thiazine  in  cover 
sprays  5  to  8  on  the  Rone  variety.     The  single  count  tree  used  shov;ed  284 
worms  per  100  apples,  as  compared  with  241  worms  per  100  apples  on  Rome  trees 
sprayed  v/ith  lead  arsenate  throughout.- 

Injury  to  fruit  or  foliage  that  developed  during  the  season  as  a 
result  of  the  materials  used  was,   in  most  treatments , of  little  importance. 
A  few  of  the  materials,  hov-ever,   caused  injury  of  a  serious  nature. 

Fruit  injury  v/as  noticeable  on  the  nicotine  tarmate  treatmients.  The 
apples  developed  tiny  l^lack  specks  early  in  the  season.     On  a  few  plats  this 
injury  v^^as  very  distinct,  from  10  to  50  percent  of  the  apples  being  marked. 
By  July  30,  "but  little  of  the  injury  seemed  important,  although  on  som^e  of  the 
trees  the  specks  on  the  fruit  persisted  through  until  harvest.     In  treatmient 
IJo .  10  where  bentonite-sulphur  was  used  with  nicotine  tannate,  apples  at 
harvest  were  very  much  smaller  than  on  other  plats,  this  treatment  apparentlj'" 
checking  the  growth  of  the  fruit.     The  auDles  did  not  color  well  and  the 
residue  was  very  difficult  to  rub  off.     The  nicotine  tsjinate  alone  on  the 
l2-spray  schedule  in  treatment  11  left  a  residue  ring  that  rubbed  off  with 
difficulty.     In  the  8-spray  nicotine  tannate  treatment,  No.   9,  oil  was  added 
to  half  of  the  plats  in  the  6th,   7th,  and  8th  sprays,  a.nd  here  the  spray 
coverage  was  very  spotty,   the  residue  spots  when  rubbed  off  shov/ing  absence 
of  color  on  fmiit. 

The  nicotine  sulphate  and  oil,  where  used  12  timies  on  treatm.ent  ¥.o .  3, 
caused  a  severe  oil  burn  on  the  Jonathan  apples,  but  this  was  confined  to  the 
apples  in  the  upper  half  of  the  tree.     Tiie  Winesap  variety  did  not  show  any 
fruit  burn  from,  the  sam.e  treatment. 

Heavy  residues  were  left  on  the  fruit  fromi  the  pyrethrijm,   derris,  and 
cube  l2-s"oray  treatments,  but  apparently  did  not  iniiibit  coloring.  The 
pheno thiazine  left  very  spotted  fruit  after  the  residue  was  rubbed  off. 

Foliage  injury  was  more  general  throughout  the  orchard,  probably  being 
due  in  miost  cases  to  the  continuous  use  of  oil  in  the  l2-spray  treatmients.  Huch 
of  this  inj-'ciry  was  noted  on  cupped  leaves  and  on  the  south  and  west  sides  of 
the  trees.     This  type  of  injury  was  very  scattering  and  was  not  of  a  serious 
nature. 

The  nicotine  tannate  with  bentonite-siolphur  in  treatmient  ITo.  10  caused 
a  severe  brirning  of  foliage  throughout  the  trees.     The  injury  developed  rabidly 
during  July,  and  the  trees  remained  conspicuous  from  the  burned  foliage  until 
the  end  of  the  season.     This  foliage  inj^ory  probably  influenced  the  size  of 
the  fruit  on  these  trees  as  alread;;^  noted. 

All  of  the  nicotine  spi-ays  were  disa.greea.ble  to  the  men  operating  the- 
spray  nozzles.     The  soray  was  irritating  to  the  eyes  and  nose  and  caused 
coughing  and  sneezing.     The  men' could  not  continue  to  work  unless  they  kept 
alm-ost  entirely  out  of  the  mist  or  spray.     The  nicotine  tannates  were  extrem.ely 
irritating,  and  it  w^as  necessary  to  apply  these  sprays,  as  well  as  the  nicotine 
sulphates,   in  the  miorning.     D^Jring  July  and  Au^s^.st,   the  warm  mornings  made  the 
use  of  these  materials  move  disagreeable.     The  nicotine  bentonite  was  m.uch  less 
irritating  to  the  sprayers,  but  in  miixing  the  m.ateria.l  for  the  spray  tank,  one 
needed  to  avoid  the  dust. 
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O::.!:"  one  ,  worker see:  :ed  to-  De  affected        the  pyrethrun,  and  he  com- 
plained of  a  slight  dizziness  after  nixing 'the  dry  material  to  a  paste  pre-^ 
paratory  to  adding-  to  spray  machine.     It  seems  probahle^  that  he  did  not  avoid 
the  diist  as  he  might  easily  have  done.     Those  men  doin^^'  the  spraying  did  not 
re'oort  any  ill  effects  from  the  pyrethricmi  spray. 

The  derris  and  cuTDe  dust  tended  to  he  somewhat  nauseating,  and  the 
derris  sometimes  caused  a  temporary  numbness  of  the  lips  and  tongue  on  getting 
in  the  mouth.    Two  workers  reported  that  derris  caused  attacks  of  hay-fever. 
One  was  bothered  Y/ith  hay-fever  at  intervals  during  the  s-oinmer,  and  the  other 
only  by  tem.porary  attacks  of  sneezing  v^hile  spraying.     Neither  was  inca-oacitated 
for  work.    The  use  of  the  derris  for  half  a  day  at  a  time,  and  continued  for 
two  or  three  daj^s,  caused  a  grogginess  and  nausea  to  the  operators.    A  change 
to  other  materials  caused  the  siclmess  to  clear  up.     In  no  case  was  a  worker 
rendered  unable  to  continue  at  work  because  of  sickness  from  the  spray 
materials. 

Tests  of  Organic  Insecticides  at  Hood  River .  Or eg. 

Cooperative  experiments  including  a  part  of  the  general  outline  were 
conducted  at  Hood  Eiver,  Oreg.,  under  the  direction  of  Leroy  Childs.  The 
tests  were  conducted  on  the  Yellow  llewtown  variety  in  the  experimental  "orchard 
at  the  Hood  River  E:cperiment  Station,  where  tests  of  a  simila.r  character  have 
been  in  progress  for  a  number  of  years.     In  this  orchard  codling  moth  popu- 
lations have  been  kept  at  a  relatively  low  point  for  a  number  of  years. 

Seasonal  conditions  in  the  Hood  River  Valley  during  the  past  year  were 
somewhat  abnormal  in  that  the  season  was  approximately  one  month  earlier  than 
avero.ge.     This  condition  caised  moth  activities  to  begin  approximately  a  month 
earlier  than  usual.    Regardless  of  the  fact  that  trap  records  for  spring- 
brood  moth  activities  had  equaled  approximately  75  percent  of  the  -previous 
season's  catch,   first  brood  worm  activities  were  very  limited.     Throughout  this 
period  eggs  of  the  codling  moth  were  found  with  difficulty  in  the  experimental 
orchard,  and  it  seems  probable  that  temperatures  were  not  favorable  for  heavy 
egg  deposition,  regardless  of  the  fact  that  first-brood  moths  were  present 
for  approximately  three  months. 

The  materials  tested,  and  the  results  obtained,  will  be  found  in  the 
following  table: 


•J 
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FIELD  EXPZRIMEITTS  WITH  OEQAIMIC  JiATSRIALS  lOE  CODLIHG  tlOTH 
COMPROy.     HOOD  RIVER,  OREGOiT,  1934. 


Plat 
Ho . 


Material  tested  (lbs.  per  100 
gallons  "unless  otlienvise  stated.  ) 
Lead  arsenate  3-100  used  in  calyx 
sprav  throughout.  ) 


Lead  arsenate  5-100 
Do.-  with  v/hite  oil  ifo  in  3rd  and 

4-th  covers 
Processed  nico tine-oentoni te  8fo 

nicotine  -  3-100 
Do .  6-100" 
Do.  6-100 
ITicotine  tannate  3/ 
Do.  -  tdIus  iDentonite-sulphur" 
G-round  derris  root,   1  part, 

kaolin. 3  parts , 

containing  if:  rotenone  10-100 
G-round  cube  root,  1  part,  kaolin 
3  parts,   containing  if^  rotenone, 
10-100 

Pyrethrurn  1  part,  kaolin  3  parts, 
containing  .25^^  pyre thrins ,  10-100 

Unsprayed  4/ 


Schedule 

.  TJorr;  xn.iuries 

Eruit  free 
;irom  v/orrns, 

stings 
percent . 

7o  rmy 
fruit 
percent  J 
•  

Stung 
Eruit 
percent 



RogJLlarl-/; 

96.1  ; 

.8  j 

3.2 

Do .  •' 

95.2 

.  6  ! 

4.3 

7 -day  2/  : 

•J  ^  •  O 

3.0 

2.2 

Regular  ; 

92. 6 

4.1 

3.4 

7 -day  ■ 

96.9 

1.2 

1.9 

RegiJ-lar  j 

86.8 

8.7 

4.  8 

Do . 

90 . 6 

5.2 

4.1 

7-day 

93.8 

4.2 

2.3 

Do. 

2.5 

;  2.5 

Do, 

91.1 

6.0 

■  3.5 

75.0 

21.0 

5.9 

l/  Regular  scnedule:  5  cover  sprays,   last  application  Aug.  14-18 
2/  7-day  schedule:  10  cover  sprays,  last  a--pii cation  Aug.  l-i-15. 
3/  Mcotine  tannate  =  50f;  free  nicotine  1  pt.  -  100  gal.  dIus  tannic  acid 
850  cc  pr-r  100  gal. 

4/  Unsprayed  in  one  replicate  only;  located  in  "oortion  of  orchard  containing 


the  lightest  infestation. 


ITo  serious  injury  developed  in  nost  01  these  ex-oeriments .     In  plat  lA, 
sprayed  with  a  white  oil  v;ith  lead  arsenate  in  the  3rd  and  4th  covers,  a  large 
proportion  of  the  apples  showed  characteristic  oil  inj-oi-:-  at  the  calyx  ends. 
In  plats  9  and  10,  sprayed  with  nicotine  tannate,   the  lower  surfaces  of  the 
apples  showed  a  discoloration  of  the  wax.     This  material  was  readily  removed, 
"but  its  presence  detracted  from  the  general  appearance  of  the  fruit.  Occasional 
clusters  of  small  black  3-)ots  were  also  m-esent.    Heavy  deposits  of  residue 
were  present  on  the  fruit  in  plats  13,  16,  and  17,  sprayed  with  derris,  cube, 
and  pyretlirum  with  l^olin. 

Tests  of  Organic  Llaterials  on  Pear  at  Talent.   Or eg • 

The  organic  m.atcrials  were  tested  in  the  control  of  codling  m.oth  on 
pears  in  a  cooperative  project  with  the  Oregon  Experiment  Station  at  the  Branch 
Station  at  Talent.     L.  G-.  G-entner,  of  the  Talent  Branch  Station, was  in  immediate 
charge . 
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The  experiments  were  coiiducted  in  a  25-year-old  Bartlett  orchard.  There 
were  not  enough  trees  available  in  one  block  for  all. treatments ,   therefore,  it 
was  necessarv  to  use  two  blocks  in  different  parts  of  the  orchard.     Block  No.  1 
contained  four  plats  and  Block  IJo.  2  twelve  lolats.     The  lead  arsenate  check 
plat  was  included  in  each  block.     Each,  plat  contained  six  trees  in  three  repli- 
co.tions  of  two  trees  each.  ;      ,  .  , 

The  1934  codling  moth  season  was  an  unusually  early  and  long  one.  It 
was  necessary'"  to  apply  a  calyx  and  five  cover  sprays  on  Bartlett  pears  to  ob- 
tain control,  vdien  normally  only      c'lyx  and  three  cover  sjjrays  are  necessa.ry. 

All  "olats  received  a  j'alyx  and  first  cover  spray  of  lead  arsenate, 
because  the  organic  materials  had  not  ^.^et  arrived.     In  Block  ITo.  2  the  calyx 
s-oray  had  already  been  aoplied  by  the  grower.     Plats  1.2  to  16,  inclusive, 
received  a  third  cover  spray  of  nicotine-bentonite ,  3  lbs.  in  100,  instead 
of  derris  or  cube,  because  of  delay  in  the  delivery  of  the  materials  intended 
for  these  "plats. 

On  those  plats  .where  oil  was  required  in  the  third  cover  spray,  a  com- 
mercial emulsion  of  an  oil  having  a  viscosity  of  72  was  used.     In  all  subsequent 
D.pplications  a  home-made  emulsion  of  an  oil  having  a  viscosity  of  ?2-75,  sulfo- 
nation  test  of  90,  was  used.     The  emulsion  was  made  up  according  to  the  same 
formula  as  that  used  in  the  experim.ents  at  Parma,  Idaho. 

The  following  table  gives  detailed  infomation  on  the  materials  used, 
and  the  results  obtained. 
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Field  Experiments  with  Organic  Materials  for  Codling  i'oth  Control 
on  Bc'.rtlett  Pears  -  Talent,  Oregon  -  19o4 


;;orin7 

Block 

:Flat 
:  IJo . 

Material  tested  (poinds  per  100  gr 
:nnless  otlierv/ise  stated) 

-'.lions , 

rlJsed  v;ith 
_i  i 

:  S  che  dill  e 


f  rui  t 


 _  

Eegu-lar-^ 

Percent 

I 

1  ; 

Lead  arsenate 

3-100 

Alone  ; 

4.5 

O  ' 

nicotine  sulphate  (40f3  nicotine) 

1-1200 

rhite  oil; 

Tin 

"  7 

n  • 

o  • 

Tin  - 

0,  A 

•  -1. 

17  : 

G-ro'ond  p^rethr-oir.  1  part,  Kaolin 

]j J  J-  C;  J.^io 

10-100 

Do 

Do . 

4.  8 

II 

1 
4 

Lead  arsenate 

Processed  nico tine-hen tonite  (3)^ 

3-100 

Alone 

Eeg^Jilar 

5.  5 

nico  tine ) 

5-100 

Do. 

Do . 

12.8 

5 

Do. 

3-100 

^hite  oil 

Do. 

5.1 

6 

Do . 

3-100 

Alone 

7- day 

9.5 

7 

Do . 

5-100 

Do. 

P.egiilar 

11.8 

8 

Do . 

6-100 

Do . 

?-dar 

5  •  0 

12^ 

■G-ro^and  derris  root  1  part,  Kaolin 

3  parts,   containing  rotenone 

10-100 

Alone 

Regular 

15.2 

13^ 

'  Do. 

10-100 

Do. 

7 -day 

15.3 

■  14-3 

Do. 

10-100 

T/hite  oil 

152 

>          _  ^ 

:  Do. 

11.5 

Do . 

5-100 

Do . 

Do. 

\  10.9 

165 

'j-round  cuhe  root  1  part,  Kaolin 

3  parts,   containing  1^  rotenone 

10-100 

Alone 

Do. 

■  14.2 

18 

.Processed  nico tine-hento nit e 

(87?^  n i  CO  t  ine )  wi  th  co'ox) er 

3-100 

■      Do . 

Regular 

'  11.2 

Four  cover  sprays  of  the  material  tested, follov/ing  a  calyx  and  1st  cover  of 
lead  a.rsenate. 

o 

'"Seven  cover  sprays  of  the  material  tested,   folioi^ring  a  calyx  and  1st  cover  of 
lead  arsenate. 


'Because  of  delay  in  receiving  materials,  nico tine-hentonite  3  Ihs.   in  100 
gallons  was  used  in  3rd  cover  spray. 


h"o  injury  of  sjiy  kind  to  fruit  or  foliage  was  oh  served  in  any  of  the 
plats,  as  the  result  of  spraying  with  the  organic  siibs ti tutes  far  lead  arsenate. 
Although  the  use  of  one-half  of  one  percent  of  white  oil  in  five  cover  sprays 
appeared  to  have  a  slight  retarding  effect  upon  the  ripening  of  Bartlett  pears, 
this  is  prohaoly  of  no  consequence,  and  the  quality  of  the  fruit  v;as  not 
affected. 

In  plats  2  and  3,  where  nicotine  sulphate  v/as  used,  and  4,  5,   6,  7  and 
18,  where  nico tine-hentonite  was  used,   there  appeared  to  he  no  visihle  residue  on 
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the  fruit  o,t  iiD_rvest  time.  However,  in  plats  12,  13,  14,  15,  16,  and  17,  where 
derris  root,  cuhe  root  and  pyrethruin  were  used  with  ka.olin,  there  was  a  very 
heavjr  residue.  In  those  plats  receiving  applications  at  regular  timing,  the 
residue  y;as  in  the  form  of  large,  coarse  spots  or  blotches,  while  in  those 
receiving  applications  at  7-day  intervals  the  spots  had  run  together  more  or 
less,  making  a  more  uniform  covering.  On  those  fruits  which  developed  a  red 
cheek  the  heavy  residue  -prevented  uniform  coloring. 

■  A  visiole  residue  remained  after  washing  on  the  fruit  from  plats  13, 
14-  and  15,   in  which  derris  root  with  kaolin  was  used  at  7-day  intervals,  with 
or  irdthout  oil.    An  acid  wash  as  strong  as  3  percent  at  a  temperature  of  100°  F. 
failed  to  remove  this  visihle  residue.     Dr.  P.oDinson  took  som^e  of  these  lots 
to  Portland  where  he  washed  them  in  a  sodium  silicate  v;ash,  which  removed  all 
traces  of  the  residue.     Practically  all  of  the  packing  houses  in  the  Ro ;;ae 
River  Valley  use  a  hydrochloric  acid  wash  for  cleaning  fruit. 

Discussion  of  Results  of  Large.- Scale.  Pield  Tes tin,-r  of  Orga.nic  Materials 

The  materials  used  in  tnese  experiments  can  he  classified  in  order  of 
effectiveness  in  three  groups. 

1.  The  most  effective 

materials  tested  -         Lead  arsenate  (the  standard  of 

comparison) 

nicotine  -  oil 


2.  Materials  intermediate 

in  effectiveness  -         Hicotine  tannate 

Mcotine  -  bentonite 

3.  Ineffective  m.aterials      -         Derris  -  liaolin 

Cube  -  kaolin 
Pyrethrwii  -  ktiolin 
Pheno thiazine 

Lead  arsenate  continues  to  be  the  st.;indard  of  effectiveness,  although 
in  certain  experim.ents  the  results  were  quite  unsatisfactory.     This  was, 
however,  in  part  due  to  the  fact  the  lead  arsenate  plats  v/ere  surrounded  by 
very  inferior  treatments  and  there  was  undoubtedly  a  considerable  migration 
of  moths  during  the  season  from  the  poorly  protected  lolats  into  the  -olats 
sprayed  with  lead  arsenate.     This  was  especially  conspicuous  in  the  experiments 
at  Pama,   Idaho,  where  a  heavy  fliglit  of  moths  took  place  during  most  of 
Augus  t . 


ITico tine-oil  on  the  regular  schedule  gave  results  averaging  perhaps  a 
little  poorer  tmn  those  obtained  with  lead  arsenate  alone,  althoUi^h  in  m,any 
cases  the  two  treatments  ay   -  area  approximately  equal.     TJhen  aoplied  on  a 
schedule  calling  for  more  frequent  applications,   the  oil-nicotine  mixture 
appeared  more  effective  than  lead  arsenate  alone  on  the  regular  schedule, 
especially  considering  the  reduction  in  the  number  of  stings  on  the  nicotine- 
sprayed  apples.    A  number  of  factors,  however,  malce  it  inadvisable  to  recominend 
a  shift  to  a  nicotine-oil  combination.     In  some  cases  its  use  results  in  direct 
injury  to  foliage  and  fruit,  as  well  as  a  stunting  of  the  leaves  and  fruit,  and 


in  some  cases  in  interference  with  the  proper  coloring  of  the  fruit.  There  is 
serious  question  just  how  many  applications  of  oil  can  be  safely  made  to  apple 
trees.  The  oil  is  incompatible  with  sulphur  fun^iicides ,  v;liich  must  be  used  in 
humid  regions,  at  least  in  the  early  season  on  varieties  subj-ect  to  diseases. 
A  full  season's  program  including  frequent  applications  of  nicotine  and  oil  is 
also  extremely  expensive,  amounting  to  a  considerable  proportion  of  the  value 
of  the  prospective  crop. 

The  results  with  nicotine  tannate  and  nicotine  bentonite  were  definitely 
inferior  to  those  obtained  with  lead  arsenate  and  with  the  oil-nicotine  mixture. 
The  factory-processed  nico tine-bentoni te ,  which  was  used  in  most  of  the  ex-  :■ 
periments,  apparently  contained  too  m^uch  of  the  wetting  agent  or  an  unsuitable 
material  for  this  purpose,  since  it  was  observed  in  a  n-amber  of  experiments 
that  there  was  a  very  heavy  run-off  of  material.    Although  these  results  were 
not  especially''  favorable,  the  high  toxicity  which  nicotine  is  known  to  possess, 
the  favorable  results  obtained  from  the  use  of  the  nicotine-oil  combination  and 
the  good  control  which  has  been  reported  from  exr)eriments  with  nicotine- 
bentonite  and  nicotine  tannate  by  the  ITew  Jersey  E:>:periment  Station  give  reason 
for  a  belief  that  the  fixed  nicotine  com.binations  are  v:orth  further  investi- 
gation. 

Am.ong  the  other  organic  m.aterials  tested,  derris  received  the  greatest 
amount  of  attention.     In  no  case  did  the  derris  root-l-caolin  m.ixture  alone  give 
anything  resembling  control.     The  addition  of  oil  gave  the  mixture  a  certain 
degree  of  effectiveness,  but  this  was  probably  due  to  the  presence  of  the  oil- 
rather  than  to  any  effectiveness  in  the  derris  mxixture  itself.  Neither 
increases  in  concentration,  nor  increases  in  the  number  of  applications, 
resulted  in  imiprovement  in  control,   indicating  that  the  material  as  used  had' 
little  or  no  value. 

The  experiments  with  cube  root  and  with  pyre  thrum  were  much  more  lim-ited 
than  those  with  derris  root,  but  the  results  indicated  that  neither  of  these 
materials  as  used  were  effective  in  controlling  the  codling  moth. 

The  experiments  with  pheno thiazine  were  too  limited  in  extent  to  Justify 
final  conclusions  as  to  its  Tirobable  effectiveness.     The  laboratory  experiments 
were  largely  conducted  with  a  product  having  a  high  degree  of  purity,  whereas 
most  of  the  field  work  was  carried  on  with  material  prepared  comiiiercially . 
There  is  reason  to  believe  that  the  commercial  process  may  have  changed  the 
chemiical  composition  of  the  substance,  and  that  the  substance  tested  in  the 
field  m.ay  not  have  been  identical  with  the  one  tested  in  the  laboratory. 
Laboratory  tests  conducted  during  the  summer  have  also  shown  that  the  presence 
of  bentonite,  v/hich  was  "osed  in  the  field  tests,  reduces  the  toxicity  of 
pheno thiazine  to  the  codling  moth.     In  other  words,   the  field  testing  was 
somewhat  ahead  of  the  laboratory  work  and  the  unfavorable  results  do  not  mean 
that  this  and  related  materials  are  not  worth  further  investigation. 

Another  point  brought  out  very  clrarly  by  the  experiments  was  the 
necessity  for  avoiding  conspicuous  resid'aes  of  any  kind,  whether  poisonous  or 
not.     Su^/ers  now  discrimiinate  against  apples  showing  signs  of  visible  residue, 
irrespective  of  its  nature.     The  mixtures  of  kaolin  v/ith  derris,   cube  and 
pyrethrum  caused  very  heavy  deposits  on  the  fruit,  rendering  it  extremely  diffi- 
cult to  market  it.     The  common  methods  of  removing  lead  arsenate  residues  "oroved 
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ineffective  in  most  cases  in  reiaoving  the  mixture  containing  kaolin.     In  the 
case  of  the  Kearneysville  experiments,   the  fruit  sprayed  with  such  mixtures, 
even  though  much  of  it  was  otherwise  of  a  very  high  grade,  had  to  "be  disiDOsed 
of  at  a  cannery. 

In  certain  cases  a  similar  difficulty  has  "been  encountered  with  the 
nicotine-lDentonite  mixture,  although  the  deposits  left  "by  it  were  less 
consT^icuous,  and  the  difficulty  with  this  particular  mixture  was  less  im.portant 
than  with  the  kaolin-derris  and  similar  materials. 

2.     Laooratory  Inves  tigations 

Allotmients  of  F.TT.A.  famds  were  used  to  strengthen  and  supplement  the 
lahoratory  investigations  carried  on  "oy  the  regular  staff  at  Takoraa  Park,  Md. , 
and  Vincennes,  Ind. 

Takoma  Park,  Hd. 

A  great  many  materials  have  he en  tested  in  the  laboratory  at  Takoma 
Park.     Of  these,  hrief  mienti      will  he  made  of  only  a  few  of  the  more  promising 
ones . 

Hi CO  tine  -  A  comoination  of  nico tine-hentonite,  giving  a  relatively  water- 
insoluhle  comiDOund,   seems  to  offer  iiromise.     It  is  still  in  the  experimental 
stage,   Doth  with  respect  to  the  m.aking  of  the  comipound  as  v/ell  as  the  "biological 
testing.     ITico tine-Dentonite ,  factory  made,   is  a  fairly  finely  divided  powder, 
whereas  the  tank-mdxed  product  is  in  the  forra  of  a  flocculent  precipitate. 
Lahoratory  data  show  that  either  form  has  good  toxicity  when  used  at  a  rate 
of  0.05  percent  nicotine  in  the  diliited  spray.    According  to  tests  with  field- 
sprayed  apples,  nice tine-hentonite  6  Tos.  per  100  gallons  was  more  effective 
than  lead  arsenate  4-100  immediately  after  application,  hut  was  ineffective 
when  exposed  in  the  field  for  8  days.     It  a'*^peared  that  the  m.aterial  contained 
too  much  spreader.     Tank-mixed  nico tine-hen tonite  apparently  gives  a  very  ad- 
hesive precipitate,  Judging  oy  the  laooratory  tests  recently  made.     In  fact, 
it  m.ay  oe  necessary,  on  this  account,  to  limit  the  use  of  this  comroination  to 
first  hrood  a;oplications . 

Derris  -  This  plant  material,  finely  ground,  gave  very  good  toxicity  under 
laboratory  conditions.  Derris-kaolin,  a^rplied  in  the  field  to  apples  fromi 
which  plugs  were  made  for  laboratory  testing,  v/as  not  toxic. 

Pheno thio.zine  -  Although  this  material  did  not  measure  up  to  expectations  in 
field  tests,  it  warrants  further  studj^.    According  to  laboratory  tests,  a 
purer  form  than  the  comraercial  product  did  not  have  the  objectionable  color 
of  the  latter  and  under  laboratory  conditions  was  toxic  when  freshly  apDlied. 

I^-^yj:!i^JiIir-pMM;brdi_s.^lp^^^         benzal  diioyridyl  amine  and  2  chlorodiphenylene 
oxide  have  shown  good  toxicity  in  Ir.boratory  tests  but  we  know  nothing  of 
the  effect  of  these  materia--    on  foliage. 


5-5  dinitro-o-cresol  killed  100  percent  of  the  codling:  moth  larvae  in  our 
laboratory  tests,  but  has  been  reported  injurious  to  foliage. 
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Vincexines ,  Ind. 

Since  distilled  v/riter  wis  used  in  the  InlDoratorjr  experiments  n,t 
Vincennes,   the  quantities  of  soaps  and  spreaders  v;hich  gave  the  "best  results 
may  differ  in  ajnount  from  those  needed  in  the  field-     Before  adoption  for  field 
testing,   the  more  promising  treatm.ents  having  to  do  with  spreaders  will  "be 
repeated  v/ith  v;ater  used  for  the  orchard  spraying.     The  resiilts  oDtained  with 
the  more  prom.ising  spray  coraMnations  are  discussed  "below: 

ITico  tine-hentonite  -  In  six  tests,   this  material  at  2  l/3  lbs.   to  50  gallons 
showed"  an  avei-age  efficiency  of  75.5  percent  in  comparison  with  an  average 
efficiency  of  60.7  percent  for  lead  arsenate  at  1  l^o.  to  50  gallons  in  the 
sai'-ie  series.     The  addition  of  a  white  oil  l/4  percent  gave  an  average  control 
of  82.9  percent  in  three  tests,   im.proving  the  efficiency  more  than  did  linseed 
or  fish-oil.    Both  of  the  latter  oils  gave  poorer  results  than  v/here'^the 
nicotine-"bentonite  was  used  alone.     The  .-ddition  of  one-fourth  percent  soy--oe8Ji 
oil  increased  the  average  efficiency  from.  75.3  percent  to  83.1  percent  in  two 
tests.     The  raw  soy-"bean  oil  was  added  to  the  concentrated  mixture  and 
agitated  ""oefore  the  addition  of  water  to  the  required  voliune. 

The  addition  of  flotation  sulphur  increased  the  control;  lio^uid  lime 
sulphur  gave  conflicting  results  in  two  tests.    Materials  containing  lime 
greatly  increased  the  control  in  the  laboratory  "but  this  was  effected  "by 
causing  a  more  rapid  relecise  of  the  nicotine,  counteracting  the  effect  of  the 
"bentonite. 

Pheno thiazine  -  This  material  has  "been  the  m.ost  promiising  of  any  material 
tested  this  season.     It  was  used  in  about  35  tests,   some  being  replicates. 
When  used  alone  it  w-as  difficult  to  wet  and  had  to  be  ground  into  suspension 
with  water  in  a  mortar.     T7ith  bentonite,  lime,  or  Bordea'JX,  it  was  first 
m-ixed  with  the  solids  after  which  it  could  be  ground,  into  a  water  suspension- 
more  rea.dily.     It  was  m.ost  easily  w^et  when  soa^is  or  spreaders  were  used  by 
diluting  the  soap  to  5  or  10  perce^it  and  stirrirjg  it  Into  the  dry  miaterial. 

Pheno thiazine  at  one-half  poinid  to  50  gallons  had  an  efficiency  of 
63.8  percent,  at  1  to  50  gallons  an  average  of  85.6  percent,  and  at  2  to  50 
gallons  an  average  efficiency  of  91.5  percent. 

The  quantity,''  of  soap  used  v;ith  pheno  thiazine  at  1-50  could  be  varied 
from.  l,/8  ounce  to  as  much  as  o/ie-four th  pound  without  having  any  noticeable 
effect  on  control  except  as  noted  below.     The  addition  of  white  oil  emulsion 
and  soap  increased  the  control  but  slightly,     flotation  sulphrj.r  and  soap 
lowered  its  efficiency  a  little.    A  2-4-50  co^iper  phosphate-lime  mixture, 
which  seemis  to  have  som.e  promise  as  a  fungicide,  had  little  effect  on  the 
pheno  thiazine.     In  r.iost  instances  regardless  of  v/hether  or  not  soap  or  oil  was 
added  to  the  com-bination  this  f-'ongicide  caused  a  slight  but  possibly  not 
significant  decrease  in  efficiency.     The  deleterious  effect  of  a  2-4-50 
Eordeaux  7/as  very  striking  in  direct  comparisons  with  the  cop-oer  phosphate. 
The  solutions  containing  copper  sulphate  averaged  aDproximately  30  percent 
less  effective.     Zinc  sulphate  and  lime  added  to  pheno thiazine  caused  severe 
flocculation  and  gave  poor  results'.     Inclusion  of  bentonite  with  pheno  thiazine, 
with  or  without  oil,   caused  a  serious  lowering  of  its  efficiency. 
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There  were  very  fev/  stings  v/itli  -pheno thiazine  treatments.  Recent 
tests  indicate  that  there  is  no  more  recovery  ainong  larvae  that  fall  off  the 
sprayed  fruit  than  among  those  fallin;;^  off  of  the  fruit  receiving  the  nicotine- 
bentonite  treatments.     In  fact,  most  of  the  Isrvae  died  on  the  fruit  "before 
"beginning  ?.n  entrance,   thus  accounting  for  the  small  number  of  stings. 

The  most  striiring  result  of  an  experiment  in  v/hich  materials  were 
exnosed  to  4  inches  of  artificial  rain  was  the  persistence  of  pheno thi as ii^-e 
when  used  with  l/8  ounce  soaT:  to  50  gallons.     There  was  less  loss  of  the 
material  than  v/hen  it  was  ugc'-I  alone  or  with  the  larger  quantities  of  soap. 
The  drop  in  efficiency  for  the  pheno thiazine-copper  phosphate-lime-soap  com- 
bination was  greater  than  for  lead  arsenate  2-50.    However,  the  former  remained 
more  effective  tiirai  the  latter  after  weathering. 

2«     Orchard  Sanitation  and  Banding  Exi^eriments  ,      •  ■ 

Indiana 

A  large-scale  sanits.tion  and  banding  experiment  was  conducted  at 
Elberfeld,   Ind.  ,  under  the  sui:)ervision  of  L.  F.  Steiner  of  the  Vincennes 
Station.    A.  J.  Aclcerman,  of  the  regular  staff,  was  in  immediate  charge. 

Approximately  2,000  hours  of  labor  supplied  by  the  emergency  funds  were 
required  to  clean  up  thor.ou.ghly  20  acres  or  one-half  of  a  square  40-acre 
orchard.     The  sanitary  measures  applied,  aside  from  cultivation  and  light 
pruning  by  the  grower,  consisted  of  the  rem.oval  of  all  rough  bark  from  the 
trees,  grubbing  OLit  of  all  underbrush  and  removal  of  the  surface  layer  of  debris 
and  leaves  under  all  trees.     Sroken  branches  and  sr)lit  pruning  stubs  were  also 
removed.    All  material  that  might  contain  hibernating  larvae  was  burned. 

The  packing  house,  located  in  the  cleaned  half  of  the  orchard,  was 
thoroughly  sealed.     However,  upon  later  investigation  it  was  found  the t  the 
1933  crop  of  500  bushels  was  handled  out  of  doors  at  the  rear  of  the  shed,  and 
this  small  area  no  doubt  contributed  many  spring  brood  moths  to  the  early  moth 
population  in  the  orchard,   since  the  infestation  in  the  region  of  the  packing 
house  was  almost  as  severe  as  .that  vvhich  developed  in  the  uncleaned  areas. 

Varieties  in  this  orchard  consisted  of  Collins  and  Ben  Davis  in  alternate 
rows.     The  trees  were  appro./  -atcly  30  years  old  and  as  a  result  of  -ooor  pruning 
produced  most  of  the  crop  in  clusters  on  the  outer  shell.     The  grower  applied 
four  lead  arsenate  sprays  including  the  calyx.    About  three  weeks  time  was  used 
to  complete  each  application.     Sprays  were  usually  applied  across  both  cleaned 
and  uncleaned  areas  at  the  same  time. 

The  cleaned  portion,  an  area  of  16  x  32  tree  rows,  was  bounded  on  one 
side  by  the  uncleaned  area  of  the  same  si'^e  and  on  the  o  :her  by  a  young  Deliciour 
block  of  larger  size  but  producing  a  very  light  crop. 

.Three-inch  hot-dipped  beta  naphthol  bands  prepared  by  Dr.  E.  H.  Siegler 
were  applied  to  all  except  64  trees  in  the  cleaned  area.    Untreated  bands  of 
three-inch  corru^2;ated  paper  were  used  on  the  latter. 
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In  the  'oncleaned  portion  of  the  orchard  a  squa.re  olock  of  16  trees  was 
selected  and  the  cleanup  and  "banding  practices  were  applied  to  the  alternate 
trees.     The  ol^ject  of  this  was  to  gain  more  inforraation  concerning  adult  move- 
ment and  to  determine  if  intertree  m.ovement  of  moths  v/ould  oe  sufficient  to 
neutralize  the  effects  of  such  control  micasures  when-  aTDplied  to  single  trees. 

The  worm  catch  in  the  hands  approximated  75,000  to  80,000  in  nwiher. 

Fr'iit  infestation  records  were  oDtained  from  90  trees  in  the  orchard. 
The  results  are  taoulated  below. 


Worm  Injury  to  riarvested  rnd  Dropiied  lro.it,  El"berfaid,  .  Ind. 
3i-ick  Orchard  Sanitation  Experiment 
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Oregon 

■  An  e^rperimient  to  determine  m.ore  exactly  the  influence  of  banding  on  the 
codling  m.oth  population  under  conditions  of  light  to  m.oderate  infestation  has 
been  started  a.t  Eood  River,  Oreg.  ,  as  a  cooperative  project  with  the  Oregon 
Experim.ent  Station.     The  scraping  and  banding  vrere  done  too  late  to  have  much 
influence  on  the  infestation  of  the  193-j:  season,  but  the  Oregon  Station  intends 
to  carry  the  experimient  over  a  period  of  years. 


Yakima , 


At  Yai'iraa,  "ash.,   experim.ents  to  determine  the  best  method  of 
destroying  codling  moth  larvae  in  pickin  :  boxes  and  cannery  l-'j^  boxes  have  been 
started  recently.     Tliis  work  is  being  done  by  E.  ?.  Dean,  under  the  direction 
of  E.  J.  Newcomer,  of  Ihe  regu.lar  staff.     The  v;ork  is  still  in  progress,  and 
will  include  some  f-Jinigation  work,  but  a  partial  report  can  be  made  at  this 
time. 


In  cooperation  with  the  Yakima  Emit  3-rowers  '  Association, an  apparatus 
for  treating  boxes  with  steam  has  been  constructed.     This  is  similar  to  one  in 
use  in  a  large  packing  house  at  Hood  Hiver,  Oreg.,  and  consists  essentially 
of  an  insulated  wooden  tunnel,  40  feet  long,  with  perforated  steojn  -oipes  in 
each  corner,  and  with  a  conveyor  in  the  bottom  for  running  the  boxes  through  the 
tunnel.     The  steam  pipes  are  connected  to  a  boiler  operated  with  an  oil  burner 
which  burns  diesel  oil.     By  keeping  a  steam^  pressure  of  60  to  30  lbs.,  no 
difficulty  is  exoerienced  in  maintaining  a  high  temperature  in  the  tunnel  while 


boxes  are  "being  put  throiigh  it.     The  temperature  remains  rather  low  and 
fluctuates  considerably  in  .    -  first  S  or  10  feet  of  the  tunnel,  because  of  the 
cold  boxes  that  are  constantly  introduced.     In  the  rem.ainder  of  the  tunnel  a 
uniform  temnerature  of  as  high  as  200°  or  210^  F.  can  be  maintained. 

Preliminary  laboratory  tests  with  larvae  in  corrugated  cardboard  strips 
sljowed  -that  they  could  be  hilled  in  1  minute  at  160'^  F. ,  in  1-1 /2  minutes  at 
160°  P. ,  and  in  2  minutes  at  150*^  I. 

It  required  some  time  to  heat  the  boxes  to  the  temperature  being  tested, 
so  tnat  it  Fas  necessary  to  expose  them  longer  than  was  indicated  by  these 
preliminary  tests.    Apple  boxes,  being  of  light  construction,  warmed  up  rapidly. 
An  exposure  of  1-1/2  minutes  at  an  average  temperature  of  184    F.  killed  99 
percent  of  the  worm.s  in  the  boxes,  and  4  minutes  at  an  average  temperature  of 
1750  F.  killed  100  percent  of  the  worms.     Thre^  minutes  at  192°  F.  also  killed 
100  percent.     The  lug  boxes  used  by  canneries  axe  of  heavier  construction, 
having  triangp.lar  braces  in  the  corners,  and  a  longer  exposure  was  necessary 
for  these.     Four  minutes  at  an  average  of  202'-'  F.-  killed  99  percent  of  the 
worms,  4  minutes  at  183°  F.  killed  95  percent,  and  3  minutes  at  192°  F.  hilled 
98  percent . 

■It  may  be  concluded  tentatively  that  at  200°  F.  apple  boxes  may  be 
thoroLighly  sterilized  in  2  m:inutes  and  lug  boxes  in  3  riinutes.    At  180°  F.  , 
probo.bly  3  and  5  minutes  v/ould  be  required,  respectively. 

The  cost  of  steaming  boxes  is  low.     The  diesel  oil  used  for  fuel  costs 
7  cents  per  gallon,  and  2  to  3  gallons  per  hour  are  required.     This  would  bring 
the  cost  of  fuel  to  about  ol.50  or  $2.00  per  day.     It  would  require  from  2  to  6 
men  at  'oS.OO  pt-r  day  each  to  operate  the  steamer,  depending  on  how  it  was 
arranged  and  when  the  steaming  was  done.     Since  10,000  a"ople  boxes  or  7500 
lug  boxes  could  be  handled  i:.  a  day,   the  total  cost  for  steaming  1,000, apple 
boxes  would  be  from^  75  cents  to  '^2.00,  and  the  total  cost  for  1,000  lug  boxes 
would  be  $1.00  to  $2.50. 

4.     Large-scr.le  Bait  Trap.  Experiments  ■ 

Experiments  with  the  use  of  bait  traps  on  a  large  sca,le  were  conducted 
at  Orleans,   Ind. ,  in  cooperation  with  Pjirduc  University.     D.  Hamilton 
was  in  immediate  charge,  and  the  work  was  under  the  general  supervision  of 
L.  F.  Steiner,  of  the  regular  staff  of  the  Vinccnnes,   Ind.,  Station. 

Baits  were  maintained  in  each  of  a-oproxim.ately  1000  trees,   in  a  35-acre 
block  of  Tinesap,  Jonat;i£in ,  and  Rom.e.     The  traps  used  were  chiefly  quart-size 
glass  jars.     Three  baits  v^cre  used,   two  a.ges  of  ea.ch  being  maintained.  The 
best  one  consisted  of  oil  on  sassafras,  one-half  cc  per  quart  of  10  percent 
dark  brown  sugar,  the  second  best  was  citral  in  a  similar  sugar  solution  and 
the  poorest  was  oil  on  sassafrr.s  in  10  percent  blackstrap  miolasses.  After 
June  27  these  baits  captured  an  average  of  53,  26,  and  12  moths  "oer  trap  respec*- 
tively.    Uncovered  trcaps  aT)peared  better  than  screen-covered  and,  a.s  at 
Vincennes,   the  cone  shar)ed  traps  proved  still  better.     Since  the  baits  were 
renewed  at  two  week  intervals  large  insects  accumulating  in  uncovered  traps 
could  not  affect  the  efficiency  of  the  bait  as  much  as  when  changes  were  made 
at  longer  intervals. 
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The  first  part  of  the  spring-Drood  emergence  vif.s  missed  and  the  early 
"baits  were  inferior  to  those  substituted  ln.te  in  June,  as  shown  "by  early- 
season  experiments  at  Vincennes.     The  area  v;as  long  and  narrow,   and  nearly 
half  of  it  made  up  the  eight  rows  hounding  the  entire  south  end  of  the 
orchard.     The  codling  moth  in  most  orchards  is  more  abundant  in  the  outer 
rov/s  thus  putting  the  "baits  at  a  disadvantage.     In  spite  of  these  disad- 
vantages,  the  infestation  in  the  trapped  area  was  som.eT^^hat  less  than  that  in 
the  untrapped  areas.     In  all,  34,565  moths  were  captured,   66  percent  being 
females.     The  infestation  figures  are  given  in  the  following  table: 


Infestation  Records,  Bait  Trap  Experiments, 
Troth  Orchard,  Orleans,   Ind.  -  1954 


Variety 


Jonathan 
Winesap 
Rome 
Average 


Baited  area 


Apples 
wormy 
■percent 


6.6 
11.1 
14.8 


YJorms  per 
100  aDples 

31.7 
9.4 
14.6 
18.6 


Unbaited  areas 


A'oples 

wo  rmy  

Percent 
31.6 
6.3 
12.5 
16.5 


vYorms  per 
100  apples 


50.1 
8.0 
17.2 
25.1 


5*  Light- trap  Investigations 


Iiight-trap  investigations  were  undertaken  in  two  localities — at 
Geneva,  II. Y.  ,  and  Orleans,  Ind. 

Light-trap  Sxiperiments  at  G-eneva,  !N".  Y. 

At  G-eneva,  11.  Y.  ,   the  work  v^^as  a  cooperative  project  in  continuation 
of  the  vrork  which  the  Hew  York  Agricultural  Sirperiment  Station  has  had  under 
way  for  a  number  of  years.     The  1954  studies  were  carried  on  in  the  Rome  orchard 
of  the  Geneva  station,  where  Y/ork  was  inaugu.rated  in  1933.     The  exceptionally 
cold  winter  of  1933-34  had  materially  reduced  the  codling  moth  population,  but 
it  v;as  still  at  a  sufficiently  high  level  to  insure  clear-cut  results. 

Forty-three  Rome  Beauty  trees  formed  the  plats  laid  out  for  the  routine 
experiments.     Of  these,  27  trees  were  equipped  with  a  light  trap  in  each  tree, 
and  16  vi/ere  left  unlighted,  but  sprayed  with  a  varying  nuinber  of  cover  sprcays 
of  lead  arsenate.     The  trees  were  distributed  among  the  following  8  categories; 

1.  Light  traps;  no  lead  arsenate. 

2.  Light  traDs;  calyx  spray  only. 

3.  Light  traps;  2  cover  sprays. 

4.  Ligjat  traps;  Z  cover  sprays. 

5.  Light  traDs;  4  cover  s'orays. 

6.  2  cover  sprays;  no  light  ire.vs. 

7.  3  cover  sprays;  no  light  tra'os. 

8.  4  cover  sprays;  no  light  traps. 
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The  light  traps  were  of  the  electrocu-tor  t^pe.     The  light  sources  used 
included  75  watt  incandescent  lajnps,   60  watt  cx  Ironps,   sun-lamps,  and  coiled 
mercur-/  vapor  tul)es.    All  oi  these  sources  proved  attractive  to  the  codling 
moth.     In  the  present  report  the  lighted  areas  are  treated  as  units,   since  a 
detailed  analysis  of  the  specific  effects  of  each  t7pe  of  light  source  lias  not 
yet  "been  made..    The  traps  wore  placed  as  high  in  each  tree  as  was  possible. 


The  following  table  snmrnarizes  the  more  important  results  obtained: 

Infestation  Hecords,  Light  Experiments,  Station 
Some  Orchard,  G-eneva,  l^I.Y.  -  1934 


Iramiber 

Number 

lJumber  : 

Number 

Plat  treatm.ent  : 

caterpillars  : 

injured  apples 

'injuries  : 

clean  apples 

per  100  apples: 

per  100  apples: 

TDer  100  a,pples: 

per  100  apples 

in  bands 

Light  traps 

without  spray 

:  5.2 

:  40.7 

i  60.8 

:  59.3 

Spray  without 

light  traps 

(4  cover  sprays) 

:  4.1 

i  38.4 

:          66. ,4 

j        61 . 6 

Combination  of 

4  sprays  and 

light  traps 

:  0.5 

:  7.0 

i  8.5 

;  93.0 

3  cover  sprays 

without  light 

traps 

;  6.5 

:  47.3 

:  96.7 

i  52.7 

Light-trap  Ibcperiments  at  Orleans ,  Ind. 

At  Orleans,   Ind.,  a  large-scale  test  of  light  traps  was  carried  on,  in 
cooperation  ?;ith  Purdue  University.     Prof.  J.  J.  Davis  aided  in  arranging  for 
the  work  and  Prof.  T.  E.  Hir^nton,  of  the  Department  of  Agricultural  Engineering, 
was  very  helpful  in  assisting  in  working  out  the  details  of  the  electrical 
installation.     The  project  was  in  immediate  charge  of  D.  ^.  Hamdlton,  and 
under  the  general  supervision  of  L.  E.  Steiner,  of  the  regular  staff  of  the 
Vincennes  Station. 

The  light-trap  work  was  conducted  in  the  same  orchard  with  the  bait 
trap  ex-."5eriments .     One  eloctrocutor  trap  was  placed  in  each  of  175  trees,  in 
a  block  covering  5  1/2  acres,  in  addition  to  15  traps  hung  over  T^laces  where 
trees  were  missing  in  the  outer  rows-     This  area  was  in  a  part  of  the  orchard 
which  in  the  past  has  carried  a  Yevj  heavy  codling  moth  population.  Three 
t^^pes  of  la-.ips  were  used,  the'G-l,  CX-60  watt  inside  frost,  and  oO-v/att  clear. 
They  averaged  respectively,  175,  96  and  83  moths  per  trap  from  May  31  to  the 
end  of  the  season.     Traps  over  open  spaces  averaged  only  8.8  moths  each.  The 
total  catch  for  the  area  was  approximately  22,000  moths,  44  percent  of  which 
v/ere  females. 

In  spite  of  the  fact  that  the  lights  were  not  in  operation  until  nearly 
the  close  of  the  spring-brood  moth  flight  period,  a  definite  reduction  in  worm 
population  was  obtained.     The  infestation  records  are  given  in  the  following 
table: 


Infestation  Hecords, Light-trap  Experinents, 
Troth  Orclii'-rd,  Orleans,   Ind.  -  1954 


Variety 

Li :;ht- trapped  area  ; 

ited  cirea 

Apples 
v/orray  : 

:    Worms  per 
100  a'CTJles 

:  Apples 
■vomy 

'.Torms  per 

100  aioples 

Percent 

Percent  : 

Jonathan 

17.2 

22.1 

Sl.O 

50.1 

TJinesap 

4.5 

5.2 

6.3 

8.0 

PiOrne 

10.  6 

14.8 

12.3 

17.2 

Avera^^e 

10.8 

14.0 

:        ■  16.5 

:  25.1 

Position  of  the  traps  Y^as  fo-j.nd  to  "be  very  imDortant  in  regulating 
their  efficiency.  ThxDse  18  inches  alove  the  tree  averaged  "but  45.2  moths 
per  trap  as  compared  to  136.5  for  those  lowered  into  the  foliage.  This 
comparison  was  made  between  June  10  and  July  17  after  which  all  tr.'.ps  were 
changed  to  the  more  effective  position. 


The  light  experiment  Wcis  in  the  seme  orchard  "block  as  the  bait- trap 
work,   the  two  areas  "being  about  10  tree  rows  apart.    Adult  movement  was  very 
extensive  within  the  tv;o  trca-oped  areas  as  well  as  between  them.     The  portions 
of  the  orchard  used  as  the  check  area  undoubtedly  ha.d  their  populations  of 
moths  depleted  as  a  result  of  movement  into  the  trapped  areas.     The  check 
area  between  the  baited  and  lighted  blocks  was  almost  as  clean  as  either  of 
the  treated  areas. 

Moth  Behavior 

At  Orleans,  advantage  was  taken  of  the  opportunity  offered  by  the  mainte- 
namce  of  bait  traps  in  35  acres  and  lights  in  5  1/2  acres  to  obtain  information 
on  the  migration  habits  of  the  moths.     D^^iring  the  season  a  total  of  1300  marked 
moths  were  released  in  and  between  the  light  and  bait  areas. 

Those  released  between  the  two  area!.s  were  five  rows  from  the  periphery  of 
either  area.  Recovery  from,  such  releases  was  secured  in  both  the  light  and  bait 
blocks.  It  is  quite  probable  tha^t  throughout  the  season  the  moth  population  was 
considerably  reduced  in  this  a^'ea.  by  both  the  lights  and  baits.  This  is  further 
substantiated  by  the  fact  tlif.t  moths  released  in  either  of  the  areas  were  re- 
covered in  the  other  area. 

When  moths  v/ere  released  in  the  light  and  bait  areas  at  the  saiiie  tir.ie, 
the  light  traps  recaptured  the  moths  in  that  area  much  sooner  than  the  baits  re- 
captured those  ill  their  area,   th.e  largest  percent  being  recovered  the  first  and 
second  nights  after  relea.se  as  coirroared  to  five  to  eight  days  for  the  baits. 

The  following  table  shows  the  percent  recovery  and  the  distance  moths 
traveled  for  each  individual  release. 
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He  cover:/  of  Marlzed  Moths  Dor  i  11.2:  the  Season..  Orleans,   Ind.  1924 


Period  of  re-     ilio.  i:o ths i^fnere      :  Percent :Tine  out  rHean  Dist.  :Longest 
lease  :  reler.sed:  released: recovery :  in  days** :  traveled    :Dist.  trav. 

:  I  :  :in  feet      :in  feet 


iTo.  1  6/l3  -15 

^50 

Baits 

8. 

8 

14 

278 

2079 

l\!o.  2  6 /is  -20 

100 

Chech 

Ho 

recover^'' 

Ho.  3  7/24-8/10 

100 

Li:;^hts 

17 

3 

53 

248 

Ho.  4  8/6  -  9 

100 

Baits 

23 

6 

97 

792 

Ho.  5  s/7-10 

100 

Lights 

27 

1 

84 

363 

Ho.   6  8/11-12 

100 

Chech 

1 

4 

380 

380 

Ho.  7  8/22-27 

100 

Baits 

26 

18 

367 

1370 

Ho.  8*  8/23-25 

100 

high  I,. 

42 

.6 

58 

726 

Ho.  9  3/28-31 

150 

Check 

8. 

7  ' 

14 

357 

941 

Ho.  10  *3/ol- 

100 

hi,:;htg 

58 

6 

101 

1089 

iio.ii  3/31 

100 

Baits 

1 

1 

132 

132 

**Time  out  denotes  nwiher  of  days  elapsed  "between  the  time  the  last  moth  was 
released  and  the  time  the  last  moth  \;^.s  recovered. 

*  TJhile  releases  Ho.  10  and  8  were  00th  the  same  color  and  made  within  a  week  of 
each  other  at  the  same  place,  only  moths  captured  up  until  release  10  was  made 
were  credited  to  release  ITo.  8. 

■  Examinations  of  the  light  and  oait  traps  at  half-hourly  intervals  during 

the  night  indicated  that  the  bait  traps  capture  most  of  their  moths  at  twilight 
and  dawn,  v;hile  the  light  traps  do  not  'opcone  effective  until  the  light  in- 
tensity is  less  than  two-tenths  of  one  foot  candle.    Although  m.oths  were 
attracted  to  the  light  traps  throughout  the  night,   the  greater  percent  of  them 
were  captured  before  10:30  P.M. 

6»     Experiments  in  Codling  Mo th  Control  b^,'  the.  Use  o_f  Parasites 

Hatural  enemies  are  often  res'oonsible  for  a  mcirked  reduction  in  nwibers 
of  various  crop  pests,  and  the  object  of  these  experiments  was  to  determine 
the  extent  to  v/hich  parasites  can  be  relied  upon  to  bring  this  about  in  the 
case  of  the  codling  moth.     The  egg  parr-.site  Tricho gramma  minutujn  Ilile^T",  which 
has  been  tested  u.T3on  various  other  insects,  v;as  used  for  this  puriDose.  The 
second  phase  of  this  activit:/  was  the  coloni^.ation  of  Ascogaster  caiu'jocapsea 
Vicr,  a  'oromising  larval  pai,'.  ite,   in  varioiis  apple -producing  sections  of  the 
United  States  where  it  previously  did  not  occur.     This  latter  is  a  repressive 
measure  designed  to  aid  in  reducing  the  population  so  tiia,t  the  standard  control 
prograir.  will  be  mere  effective. 

Two  experiments  to  test  the  effectiveness  of  Trichograi'ima  minutum 
against  tlie  codling  moth  were  conducted  in  1934,  one  of  tiiese  being  at 
Cornelia,  G-eorgia,  and  the  other  at  Wenatchee,  Washington.    All  Trichograima 
used  in  these  experiments  v/ere  produced  at  the  Pecan  Insect  Laboratory  at 
Albany,  Ja.,   in  charge  of  Herbert  Spencer. 
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TrichOgg^ramma  Experiments  ajt  Cornelia,  G-a. 

This  experiment  was  a  repetition  of  that  u^ider tci"';:en  in  1933  in  con- 
nection with  the  rej;';"alar  pro.:_:;rarn  of  the  Division  of  Pruit  Insect  Inves ti^^ations , 
and  was  conducted  in  cooperation  with  the  Geor.^ia  State  Entor.Dloc^is  t '  s  Office. 
In  the  1934  experiments,   six  plats,   comprising  100  trees  each  were  chosen, 
three  of  wh.ich  received  releases  of  Tricho^ramivia,  and  three  were  used  as  controls. 
All  plats  received  the  standard  spray  treatment  for  that  section,  consisting 
of  five  to  eight  applications  of  lead  arsenate  to  which  Bordeaux  mixture  had 
"been  added.    One  unparasi tized  plat  received  only  two  a^^plicat ions ,  these 
"being  on  Mav  14  and  June  15.    Release  of  Trichogromma  ranged  from  7500  to 
33,750  per  tree,   these  oeing  liberated  at  intervals  corresponding  to  the  peaks 
of  moth  emergence  of  the  various  "broods.     The  first  releases  were  on  June  4  to 
16  and  the  last  on  September  10.    A  total  of  1,835,000  parasites  were  liberated 
in  the  three  colonization  plats  during  the  season. 

Egg  counts  for  the  second,   third,  and  fourth  broods  shov;ed  an  average 
parasiti zation  in  three  colonized  plats  of  2.1,  32.9,  and  63.1  percent 
respectively;  in  the  uncoloni/ed  'olats  4.5,  16.3,  and  71,1  percent.  These 
counts  showed  no  appreciable  build-UTD  in  the  parasite  population  v/hich  could  be 
attributed  to  the  liberations. 

The  records  secured  on  fruit  infestation  do  not  reveal  any  appreciable 
reduction  in  the  codling  moth  population  as  a  result  of  the  liberation  of  large 
numbers  of  Tr i chogramma . 

It  was  noted  thp.t  the  increase  of  TrichograiJima  population  was  greatest 
in  the  most  heavily  infested  plats,  but  that  the  infestations  in  these  olats 
continued  high  throughout  the  season.     The  above  experiments  and  observations 
in  other  orchards  in  northern.  Georgia  indicate  that  the  application  of  arsenical 
sprays  does  not  materially  reduce  the  Tri chogramma  population  nor  prevent  its 
nonnal  increase. 

Tri  chogramma  Experiments  at  Fi:Iiatcliee_,  Fash. 

The  experimenta.l  plats  com.oriscd  three  colonization  blocks  of  100  trees 
each,  with  corresponding  uncolonized  plats  in  the  srjne  orchards.    All  of  these 
received  reg^alar  spray  applications  throughout  the  season,   the  material  used 
being  lead  arsenate  and  fish  oil  only.     In  all,  3,550,000  parasites  were 
liberated  in  three  plats  d^jring  the  period  from  i/'iy  11  to  AiJ^ust  30,  the 
reler.ses  being  timed  to  coincide  with  the  peaks  of  codling  moth  emergence. 
Releases  totaled  ariproximr...tely  12,000  per  tree. 

native  paras  it  ization  was  *ili,'0st  negligible  in  all  plats,  the  highest 
percentage  recorded  in  r',ny  of  the  uneolonized  plats  boing  1  percent.     In  the 
coloniz.'*'^tion  pla.ts  a  maxirium  para^si tizr;,tion  of  15.4  percent  wa.s  attained  in 
one  at  the  end  of  Septombur.     The  n.vera-ge  of  the  three  colonized  plats  v/as 
9.1  percent  for  Aug-ast  and  Septembfcr. 

Counts  of  fallen  and  harvested  fruit  gave  no  indication  of  any  degree 
of  control  resulting  from  the  libertition  of  Tri clio gr a!.ima .     ITneii  compared  with 
the  results  of  the  Oeorgia  experiment,   they  do  support  a  conclusion  previously 
reached  by  general  observations,   that  this  parasite  is  unable  to  attain  a  high 
percentage  of  parasitization  where  the  nost  Tiopulation  is  low.     This  is  further 
supported  by  the  finding  in  the  Wenatchee  auid  other  sections  of  Washington,  of 
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orchards  poorly  cared  for  and  consequently  with  a  high  codling  moth  population, 
which  sho\7ed  a  native  Trichogr.ajnraa  parasitization  of  75  to  80  percent.     In  both 
Vfashington  Piid  G-eorgia  a  high  parasitization  was  always  associated  with  a  high 
host  populc?;.tion. 

Distribution  of  Ascogaster  carpocapsae  Vier. 

This  larval  parasite  normally  destroys        to  40  percent  of  the  codling 
moth  larvae  in  the  northeastern  portion  of  the  United  States,  but  is  rare  or 
absent  in  other  sections.     It  was  introduced  into  the  State  of  Washington  in 
1921-22,  and  ciuickly  attained  an  average  parasitization  of  approximately  30 
percent.     The  pm^pose  of  the  1934  distribution  program  was  to  effect  establish- 
ment of  the  parasite  in  all  sections  where  it  is  not  known  to  occur,  v;ith  the 
hope  that  it  will  contribute  to  the  reduction  of  the  codling  moth  population 
and  thus  make  possible  a  greater  effectiveness  of  the  sDray  program. 

During  1934  a  total  of  39,400  Ascogaster  in  30  shipments  were  distri- 
buted to  the  following  10  states: 

Arkansas  Kansas 

California  Mississippi 

Colorado  Montana 

Georgia  !Tev/  Mexico 

Idaho  Oregon 

The  parasites  used  iii  ""his  coloniza.tion  program  were  reared  at  the 
Oriental  Fruit  Moth  Laboratory  at  Moorestown,  IT. J.,  under  the  direction  of 
H.  W.  Allen,  from  a  small  stock  originating  from  codling  moth  cocoons 
collected  during  the  winter  of  1933-34.    ilct'oal  rearings  v/ere  conducted  on 
fruit  moth  larvae,  as  this  host  was  more  readily  available  and  methods  for 
mass  rearing  in  the  laboratory  were  already  ioiown.     A  total  of  196,050  fruit 
moth  eggs  v.'ere  secured  for  propagation  purposes. 

Adult  parasites  only  were  shipped  and  approximately  95  percent  sur- 
vived and  were  released  in  infested  orchards.     The  results  of  these  liberations 
will  not  be  available  until  1936,  at  v/nich  time  collections  of  cocoons  will  be 
made  to  determine  es tablisl'iment  cind  the  percentage  of  parasitization  attained. 

The  field  colonization  in  the  respective  states  was  accomplished 
through  coor)eration  with  various  State  agencies.     It  is  expected  that  the 
further  distribution  within  the  respective  states  will  be  made  by  these  state 
organizations . 

In  addition  to  the  material  distributed  during  1934,  a  total  of 
136,200  hosts  were  parasitized  to  provide  an  over-wintering  stock.  Approximately 
25,000  adult  parasites  should  emerge  from  this  material  and  these  will  be  avail-  . 
able  for  distribution  during  the  early  suram.er  of  1955.. 

7.     Invest if^-:ations  on  G-rar>e  3err.y  Moth 

A  small  part  of  the  Public  Works  Administration  allotment  was  utilized 
in  strengthening  the  work  on  the  grape  berry  moth  at  the  Bureau's  grape  insect 
station  at  Sandusl^y,  Ohio.     The  control  of  this  insect  involves  a  serious  spray 
residue  problem,  which  apparently  cannot  be  relieved  in  a  practical  way  by 
Y/ashing  the  grapes  at  harveo  :  time. 
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Tests  of  organic  materials i  mdstly  paralleling  those  conducted  on 
apple  and  pear,  were  stair  ted  in  two  vineyards  in  the  northern  Ohio  grape  belt. 
In  one  of  the  vineyards,  however,   the  "berry  moth  population  turned  out  to  he  so 
light  that  infestation  counts  would  have  had  no  significance.     Detailed  counts 
were  therefore  not  m.ade,  although  m.uch  information  was  obtained  on  the  effect 
of  the  materials  on  the  fruit  and  foliage.     In  the  other  vineyard,   the  in- 
festation  was  _  sufficiently  severe  to  v/arrant  completing  the  season.  ■., 

.  ,        In  this  vineyard,  all  pla.ts  were  sprayed  shortly  after  the  blooming 
period  for  the  control  of  diseases  and  irsects,   including  the  first  brood  of 
berry  moth  worms.     The  spray  mixture  used  throughout  in  this  application  con- 
sisted of  calcim  arsenate,  nicotine,  and  Bordeaux  mixture,  with  fish  oil  and 
rosin  fish-oil  soap.     The  experimental  materials  were  applied  against  the 
second  brood  of  worms.     The  first  experimental  application  was  made  on  July  27; 
in  most  of  the  plats  this  was  repeated  on  August  6  or  7. 


The  plats  were  replicated  5  times  and  the  infestation  records  given 
in  the  following  table  represent  the  averages  of  the  five  replicates. 

Field  Experiments  with  Organic  Materials  in  Control  of  0-rape  Berry  Moth,  Venice : 

Ohio  -  1954 


Material  tested  against  second-brood 
berry  mothi/ 


None 

Calcium  arsenate,  2  l/s  lbs.  in  100 
gallons 

nicotine  sulphate  1-800 
Derris  powder  (4^  ro tenone)2-l/2-100 

Processed  nico tine-bentonite 

(8^  nicotine)  3-100 

Do.  3-100 

Do .  6-100 
Processed  nico tine-bentoni te 

(87$  nicotine)  with  copper  6-100 
Jlicotine  t annate  (liquid  tannin, 

3  pints,  50fo  free  nicotine  1  pint, 
per  100  gallons) 
Do. 


Do. 

9-round  derris  root  1  part,  Kaolin 
3  parts,  containing  l^o  rotenone 

10-100 

G-round  pyrethru.m  1  pajrt,  Kaolin 
3  parts,  containing  .25^ 
pyrethrins  10-100 
P^/"rethrumi  powder,  >9fo  pyrethrins 

2  1/2-100 
Pheno thiazine  4  lbs.  per  100 
gcallons. 


Used  with    rlJ-umber  of  :G-rapes 
:  applications  :  wo rmy 


Bordeaux, 2-4- 
50  ]?ish  oil  1 
pt.-lOO  gals. 
White  oil  ifo 
Fish  oil  1  qt.- 
100  gallons 

Alone 
Vmite  oil  ,5fo 
Do. 

Do. 

Bentoni te- 
sulphur  2  lbs. 
100'  gals. 
Sulphonated 
castor  oil,  1 
qt.-lOO  gals. 
Do. 


Fnite  oil  .5%' 


Do. 

Fish  oil  1  qb- 
100  gallons. 

Bentonite  4 
Ibs.   fish  oil 

1  qt.-lOO  gals 


1 
2 


2 
2 
2 


2 
2 


iPercent; 
15.5 


6.7 
1.3 

8.5 

5.3 
2.3 
1.7 

1.2 


5.2 


4.1 

2.9 


4.0 

1.8 
3.4 

7.0 


Sugar 
content 


Brix  test 
19,8 


18.7 
18.7 


19.9 

19,4 
19.0 
18.9 

19.4 


17.2 


19.1 
19.3 


19.3 

19.0 
19.1 

19.1 


IaII  plats  were  sprayed  against  the^.  first-brood  with  calci-m  arsenate,  Bordeaux 
mixture,  fish  oil,  and  rosin  fish-oil  soap* 
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Although  many  of  the  iiaterinls  gave  satisfactory, control  of  the  grape 
"berry  moth,   they  all  caused  such  a  serious  staining  that  the  grapes  were 
practically  "unsalable.     Buy;  _     and  consumers  now  refuse,  to  accept  grapes  show- 
ing a  visilplfe  residue  of  any  kind,  even  though  it  may  ."be  ,  non-poisonous .  The 
sprays  containing  oil  destroyed  the  "bloom  on  the  grape  "berries,  giving  them  a 
very  unattractive  appearance.     It  will  "be  a  difficult  problem  to  find  insecti- 
cides and  carriers  for  insecticides  that  do  not  leave  unsightly  residues  or 
otherwise  mar  the  appearance  of  the  fruit.  ,     -  , 

1)0  foliage  injury  of  ciny  importance  resulted  from  the  treatments  except 
in  Plat  9,   sr^rayed  yjith  nicotine  tannate  with  bentonite-sulphur ,  where  the 
foliage  was  considerably  burned.     This  injury  viras  reflected  in  the  sugar  content 
of  the  grapes,  as  indicated  by  the  Erix  test. 

Qui tural  experiments  for  repression  of  the  overwintering  brood.  - 

Several  vineyards  were  used  for  further  experiments  in  cultural  control, 
the  cultivation  during  spring  being  such  as  to  keep  the  overwintering  cocoons 
of  'the  berry  moth  as  completely  buried  as  -possible  until  after  the  normal  time 
of  heaviest  emergence  of  m.oths  of  the  spring  brood.     In  all  of  the  vineyards-  . 
so  treated,  first  brood  abundance  v/as  comparatively  light,   this  condition  vary- 
ing  with  the  degree,  of  infestation  the  previous  season,  ond  local  conditions  ^ 
which  sometimes  bring  aboiit  concentrations  of  the  m.oths  in  certain  areas,       .  ' 
usually  along  sheltered  borders.     In  vineyards  in  which, the  berry  moth  in- 
festation had  been  brought  to  a  low  point,  either  "calcium  arseno.te  or  lead 
arsenate  applied  against. the  first  brood  of  larvae  resulted  in  alm.ost  complete 
co-ntrol  from  a,  coirimercial  standpoint."    An  increa,sing  nmaber  of  growers  are  ... 
attempting  to  bring  about  a  decrease  of  moth  population  by  attention  to  the 
m.anner  of  cultivating  their  vineyards  during  spring,  and  many  favorable 
reports,  on  the  results  obtained  have  been  received. 

Work  has  s.lso  been  So.:  ...ted  -with  the  burning  of  surface  trash  in 
the  vineyard,  as  a  mieans  of  reducing  the  population  of  hibernating  berry 
mo-th  larva-e,  which  pass  the  winter  in  cocoons  constructed  in  leaves  on  the 
ground.:    E.  11.  Merrill,  of  the  Toledo  Station  of  the  Bureau  o,f  Agricultural 
Engineering,  has  cooperated  in  this  work,     I'fith  the  experience  gained  from  the 
construction  of  burners  for  the  control  of  the  corn* borer,  he  has  constructed 
a  burner  adapted  for  use  in- vineyards.    Eesults  of  this  work  v/ill  not  be 
available  uiitil  another  season. 

S •    Effect  of  Ir'.secticides  on  Bees. 

Experiments  to  determine  the  effect  of  •'■  nvm'bQT  of  the  organic 
insecticides  on  honey  bees  wv:,re  conducted  by  &.  E.  Marvin  under  the  direc- 
tion of  J.   I.  H-mibleton,  >  ©f  the  Bee  Culture.  I>aboratory  at  Somerset,  Md.  In 
a  number  o-f  localitxerj  the  ^apTri'js  re,?;ularly  u.sed  by  orchardists  have  been 
found  to  have  a  detrii^iental  effect  or.  bv-.es.     In  addition  to  the  losses  caused 
'to  honoy  x>roducers,  the  reduction  in  the  population  of  honey  bees  as  well  as 
of  other  pollinating  insects  often  results  in  a  reduced  set  of  fruit  in  the 
orchard.     It  was  therefore  decided  to  try  to  obtain  information  on  the  effect 
on  bees  of  the  newer  materials  under  experiment. 

In  a  free  choice  test  in  the  laboratory,  nicotine  sulphate  and  nicotine 
tannate  were  largely  disregarded  by  the  bees,   indicating  some  rei^ellant  action. 
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Derris,  cute  and  pvrethriuii  were  extremely  toxic  under  la'oorotory  conditions 
both  as  stomach  poisons  and  as  contact  sprays.     Nicotine  sulphate  had  no 
effect  as  a  contact  spray.     When  incorporated  in  a  soap  solution  the  sarne 
results  were  obtained  as  when  soap  alone  was  used, indicating  that  the  soap 
was  the  active  ingredient.     Fheno thiazine.  as  a  stomach  poison  had  a  slower 
action  on  the  bees  than  lead  arsenate,  which  in  turn  v/as  not  so  rapid  as 
derris,   cube  and  pyre thrum.     Insecticides  containing  nicotine  had  the  least 
toxic  effect  on  honey  bees. 

•   The  field  experiments  with  these  materials  were  somewhat  too  limited 
to  give  conclusive'  results.     The  materials  found  repellent  in  the  laboratory 
were  ap'oarently  not  repellent  to  bees  after  the  syjray  had  dried  on  the 
plants.     Under  the  conditions  of  the  field  experiments  nicotine  sulphate  and 
pheno thiazine  appeared  to  be  toxic  to  the  bees.     The  other  five  sprays  -  lead 
arsenate,  nicotine  bentonite,  derris-kaolin,  nicotine  tannate  and  pyrethrum, 
in  the  amounts  taken  by  the  bees  from  the  few  flov/ers  visited  did  not  prove 
toxic  v/ithin  the  period  during  which  the  field  work  was  carried  on,  although 
they  might  have  proved  toxic  if  the  bees  had  continued  their  visits  to  the 
sprayed  flowers  for  a  longer  period. 

9.    Analysis  of  data. 

The  detailed  statistical  analysis  of  the  da.ta  acc^omulated  in  the  course 
of  the  experiments  which  is  being  m^ade  by  K.  W.  Babcock,  has  not  been  completed. 
As  indica,ted  earlier  in  the  report,  however,  this  work  has  advanced  to  the 
point  where  it  is  evident  that  the  worm  po;pulation  is  so  variable,   even  within 
a  limited  area  in  the  sanie  orchard,   that  rather  wide  differences  must  exist 
before  conclusions,  can  be  dravm  regarding  the  relative  merits  of  the  different 
.  materials.     The  statistical  work  included  a  study  of  the  plans  and  m.ethods 
used  in  the  experiments  and  in  sampling.     This  study  when  completed  will  be  of 
great  value  in  comparing  the  results  obtained  under  different  regional  con- 
ditions and  in  providing  more  reliable  and  uniform  methods  for  fut^Jire  work. 

II.     WORK  CCiOTCTSD  WITH  FJITDS  FROM  AaRICIJLTURAL  APPROPRIATIOII  BILL 

In  order  to  present  a  complete  picture  of  the  work  of  the  Fruit  Insect 
Division  on  the  codling  m.oth-spray  residue  problem,  a  summary  of  the  work 
carried  on  v:ith  regular  funds  is  included  herewith. 

Yakima,  Wash. 

The  Yakima  station,  E.  J.  Fewcomer,   in  charge,  is  maintained  in  co- 
operation with  the  Insecticide  Division,  aiid  wdth  the  Washington  Agricultural 
Eicperiment  Station. 

QX-Qfe§£4  Spraying  32;perii^;I^-'ts.' 

The  orchard  spraying  experim.ents  during  1934  were  planned  (l)  to  de- 
termine the  effect  of  various  oils  and  ot'ier  adhesives  on  the  efficiency  of 
cryolite;    (s)   to  test  calci'om  arsenate  and  zine  arsenite  with  buffers;  (3) 
to  test  cuprous  cyanide  w-ith  mdneral  oil  emulsion;  and  (4-)  to  determine  the 
relative  effectiveness  of  various  nicotine  compounds.    An  orchard  was  used 
that  was  com.posed  of  Jonathan,  Rome  and  Winesap  apple  trees.    Each  test  was 
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replicated,   in  some  cases  five  tim.es,  once  on  Jonathans,  and  twice  each  on 
Eomes  and  Winesaps,  and  in  m»ost  other  cases  four  times,  once  each  on  Jonathans 
and  Winesaps,  and  twice  on  Romes.     The  spraying  v^^as  done  with  a  stationary  out- 
fit usinr^  aoout  350  Ihs .  pressure.    A  calyx  and  7  cover  sprays  vi/ere  app3-ied  in 
all  plats  except  28,  v/nich  had  12  cover  sprays.    The  results  of  these  experiments 
are  5;iven  in  the  following  table: 


Field  Experiments  in  Codling  Moth  Control 
Yakim.a,  Wash.  -  1934 


ITorm  in.juries 


r-La,  u ; 

irea  omen u 

i  vvormiy  , 

ijruiu  iree 

>  l/VU  X  Illb  • 

No. 

^.iimOijnbS  ^iven  ore  lor  ±uu  ^^aiions  y 

I  f rui  t  . 

irom  worms 
and  stings 

■  \JKiX      J-V-'VJ  > 

: apples  : 

-HPT  100 

apples 

ITatural  cryolite,  3  lbs.;  I/470  mineral  oil  • 

Percent ; 

2  : 

Ion  ' 

12. 9  ; 

64. 3  ; 

1  D.  1 

oD .  u 

o  . 

Jjo .                      ;   ■^,--10  iisn  oil 

1 0 .  3  ; 

oy .  0 

T  Q  R 

X  y .  0  , 

Oi? .  D 

4  . 

Do.                       ;   1/8%  fish  oil  ; 

16.9  : 

56. 7  : 

23.0  ; 

43 . 3 

5 

Do.                      ;  1/4*^  soap  ; 

14.7  : 

55.7  : 

17.0 

47.0 

6  ' 

Do.                      ;   Iqt. colloidal  : 

0       J-       CIX  ^  C>  A  , 

IP.  1  ' 

62. 7  ' 

14.  7 

37.2 

7 

Do.                        *   1/8'^  '^o'T  lipfln  oil  '■ 

19.5  • 

49 . 5  : 

25«  3 

60.0 

8 

Do.                      ;  no  oil  \ 
Lead  arsenate,  2  lbs.;  7^1 '^J^o  mineral  oil  ! 

30.0  - 

44.3 

44.1 

79.1 

30 

14.7 

64.4  i 

19.5 

41.6 

T  

20 

CalcioLi  arsenate,  3  Ids.;  aluminum  sulpna.te,  : 
1/4  lb.;  calcium  hydrate,  1/4  lb.;  3/4^ 

ml 

mineral  oil  in  1st  to  4th  cover  sprays.  ; 

36.  6 

44. 5  ; 

on  T 

81 . 3 

/3.  0 

Ziiic  arsenite,  3  lbs.;   zinc  sulphate,  1/4 
lb;   calciuiri  hydrate,   l/4  lb.  '^I^'jo  mineral 

•rnl 

oil  in  1st  to  4th  cover  sprays. 

CO  1 

c>y .  1 

14.  U 

1 1 0  .  <i 

1  '7C  A 
lo  /  .  4t 

Lead  arsenate,  2  lbs.;  zl-t'fo  mineral  oil  in 

all  cover  sprays. 

23.6 

54.8 

33.5 

48.5 

23 

Cuprous  cyanide,  3  lbs.;   3/4/o  mineral  oil  in 

2d,  5d,  5th,   6th  and  7th  cover  sprays, 
nicotine  sulphate,  1-1200;  3/4;o  mineral  oil 

32.1 

36.5 

51.2 

104.4 

24 

27.8 

53.2 

37.1 

32.9 

25 

Do.                        ;   l/4';^o  mineral  oil 

46.0 

40.2 

78.8 

48.9 

S6 

Do,                        *   1/4*^^  fish  oil 
nicotine  bentonite  (8^  nicotine) i 

64.2 

23. 8 

143.0 

75.0 

'21 

0  lbs.;  1/4^  fish  oil 

30.4 

54.7 

40.3 

24.6 

28 

Do.   (except  used  f^'.^ery  7  to  10  days 
making  a  toe  1  of  13 

\  applications) 

18.7 

69.7 

24.6 

18.7 

29 

llicotine  bevitonite  copper  (8^  nicotine) 

I                      G  lbs. 

47.0 

1  40.3 

82.0 

:  34.0 

30 

:Lead  arsenate,  2  lbs.;  3/4%-  ^-6  oil 

14.7 

:  64.4 

19,5 

:  41.6 

31 

:                Do,                 ;  3/4^  #E  543  oil 

17.3 

:  59.5 

24..  1 

j  49.0 

These  results  are  from  Homes  only.    All  other  results  represent  the  average  of 
re"oli  cat  ions  on  Jonathan,  Rome,  and  Winesap. 
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ITo  injury  was  noted  except  in  Plat  28,  where  the  rather  excessive  use 
of  fish  oil  gave  the  trees  a  dull  look  and  perhaps  affected  to  some  extent  the 
size  of  the  fruit.     In  the  Rome  trees  sprayed  with  the  #E54-8  oil,  a  slight 
russeting  of  foliage  was  noted  in  the  center  of  the  trees,  hut  it  was  not  severe 
enough  to  "be  of  any  consequence.     No  russeting  was  observed  in  the  Jonathans  or 
Winessps . 

A  nicotine  extract  containing  at  least  8)0  nicotine  al'^^sJoid  was  tested  . 
extensively  hy  C.  H.  Villmann,  a  grower  near  Yakima.     He  used  it  throughout 
the  season  on  most  of  his  orchard,  putting  on  10  or  more  applications  at 
intervals  of  about  10  days.     His  schedule  was  very  complicated  in  that  he  varied 
the  quantity  used  and  the  materials  added  to  the  nicotine  from,  time  to  time. 
Essentially,  however,   it  consisted  of  the  use  of  this  extract  at  a  strength 
practically  equivalent  to  40^  nicotine  sulphate  at  1-1600,  with  oil  em.ulsion 
or  fish  oil  added  to  most  of  the  applications.     In  order  to  determ.ine  the 
results  obtained,  saraples  of  fruit  from  10  Winesap  trees  scattered  acro-ss  a 
20-acre  "block  were  examined.     The  percentage  of  wormy  fruit  on  these  varied 
from  9.5  to  29.2,  with  an  average  of  17.0.     Tivo  Home  trees  in  the  T^rormiest  part 
of  the  orchard  were  also  exj?jnined  and  they  averaged  49.0^?  wormy.    Although  no 
other  treatments  were  available  for  comparison,   the  figures  indicate  that  the 
control  vvas  not  entirely  satisfactory.     It  seems  prohahle  that  the  nicotine  was 
used  too  weak,  and  that  too  small  a  quantity  of  oil  was  used  with  it  for 
effective  results. 

Baiting  Experiments 

The  chief  objects  of  these  experiments  were  to  find  a  material  or 
combination  of  materials  that  would  be  sufficiently  attractive  in  trapping 
mioths  to  warrant  its  cost,   to  find  a  suitable  method  01  using  such  a  material 
as  a  bait,  and  to  study  the  reaction  of  the  moths  to  such  a  bait.     This  work- 
was  started  as  a  definite  project  in  1953,  and  several  hundred  materials  and 
com.binations  have  been  tested.    E.  H.  Van  Leeuwen  was  in  inanediate  charge  of 
this  work.     Since  a  fermenting  miixture  of  cane  molasses  and  'water  has.  been 
extensively  u.sed  in  baiting  work,  and  is  quite  attractive,   it  was  arbitrarily 
employed  as  a  standard  with  which  to  compare  otner  materials  or  combinations. 
It  was  found  that  the  addition  of  safrol,  oil  of  mace,   citral,  bergainot  oil, 
ammonia,  lim.onene,  or  pine  tar  oil  to  the  molasses  bait  increases  the  efficiency 
of  the  bait  very  materially. 

Since  pine  tar  oil  is  cheap  and  easily  obtained,   it  apx">ears  to  be  the 
most  "practical  of  these  m.aterials,  and  it  has  therefore  been  studied  more 
intensively  than  the  others.    Wnen  used  with  m.olasses  in  the  proper  amounts, 
it  increases  the  nuiTiber  of  moths  capt'ored  by  about  200  percent.     Eor  example, 
in  one  test,  in  which  the  baits  were  shifted  each  day  for  21  days,   in  order 
to  minimize  the  variation  that  occurs  in  individua.1  trees,  m^olasses  alone  at- 
tracted 688  moths  aaid  molasses  plus  pine  tar  oil  attracted  1887  moths.  This 
increase  of  about  200  percent  v/o\ild  mean  theoretically  that  since  molasses 
alone  attracts  about  30  percent  of  the  m.oths  in  an  orchard,  as  shown  by 
previous  tests,  miolasses  plus  pine  tar  oil  should  attract  90  percent  of  the 
m.oths.     Some  tests  to  determine  this  point  were  m.ade  in  1954,  but  more  extensive 
testing  will  be  necessary  to  settle  the  question.     However,  a  considerable 
increase  in  the  number  captured  has  already  been  shown.     Eor  example,  in  one 
test  of  a  rather  limited  nature,  186  marked  moths  were  released,  and  133,  or 
71.5  percent,  were  recovered. 
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It  V([as  fo-and  also  that  a  solution  of  molasses  v^hich  was  allowed  to 
ferr'ient  and  then  kept  in  closed  containers  for  some  time  appeared  to  give 
as  good  results  as  fresh^uy  prepared  molasses  "bait.    Mixtures  of  several 
chemicals  are  apparently  more  effective  than  any  one  of  them  used  alone.     It  is 
thought  that  a  dilute  feiTi^ented  molasses,   to  which  has  heen  added  certain 
quantities  of  pine  tar  oil  and  ai'nraonia  may  -possihly  he  standardized  in  such  a 
way  that  it  can  he  used  as  a  supplem.ental  control  measure.     Further  testing 
of  this  mixture  will  "be  necessary  "before  any  conclusions  can  he  made. 

Effect  of  Sprays  on  the  Ascogaster  parasite 

An  ex-:3eriment  was  made  to  determine  the  effect  of  various  spray  materials 
on  the  percentage  of  paro.sitism.  hy  Ascogas ter  carpocapsae .     It  has  heen 
previously  noted  in  the  Yakima  region  and  "oy  other  workers  that  although  larvae 
are  heavily  parasitised  in  unsprayed  orchards,'  the  parasites  o.re  comparatively 
scarce  in  near'by  orchards  tliE^t  have  heen  sprayed. 

The  orchard  used  for  this  experiment  had  not  heen  sprayed  in  1933  and 
was  very  wormy,  with  approximately  45  percent  of  the  hihernating  larvae 
parasitized  as  determined  hy  examining  larvae  from  ^mder  hark  early  in  the 
spring.     The  trees  were  all  of  the  Jonathan  variety.    A  calyx  and  six  cover 
sprays  were  applied  to  each  -nlat. 

The  percentage  of  parasitism  was  obtained  hy  collecting  the  larvae 
from  under  hurlap  hands  on  all  of  the  trees,  and  the  percentage  of  wormy 
fruit  determined  hy  counting  samples  of  fruit  from,  four  trees  selected  within 
each  plat.     Spray  applications  materially  reduced  the  amount  of  parasitism 
and  there  seems  to  he  a  marked  correlation  hetween  the  percentage  of  vi^ormy 
fruit  pnd  the  'pe^centnge  of  parasitism.     However,   there  is  very  little  dif- 
ference in  the  percentage  of  parasitism  hetween  the  three  spray  treatments. 
Detailed  figures  are  given  in  the  following  tahle. 


Treatment 


Percent  apples 
 wo  rm^y  


Percent  larvae 
paras i tized  


1.  Cryolite  and  mineral  oil 

2.  Cryolite  alone 

3.  Nicotine  sulfate  a.nd  mineral  oil 

4.  Uns'o  rayed 


30.1 
36.4 
46.2 
94.4 


7.3 
8.6 
10.  6 
26.6 


YiT  enatchee ,  17a  sh . 

The  chief  activities  of  the  Wenatchee  suhstation  d"J-ring  the  season 
of  1934  were  e:>rperiments  in  the  utilizatiori  of  the  egg  parasite  Trichogramma 
in  the  control  of  the  codling  moth  (re^:)orted  under  the  P.W.A.  activities), 
and  experunonts  with  handing  for  codli:.!;;  moth  control.     M.  A.  Yothcrs  \ra.s 
in  imjiediate  charge  of  this  work.     The  handing  experiments  cannot  he  re-oorted 
on  until  the  hands  have  heen  examined  during  the  v/inter. 

Takoma  Park,  I.'d. 

The  work  at  the  Takoma  Park  lahoratory  is  in  charge  of  E.  H.  Siegler, 
and  is  carried  on  in^  close  cooperation  with  the  chemists  of  the  Insecticide 
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Division.  The  two  m<?Jor  lines  of  investigation  under  vir:/  r-xe.  lal"~.orr.tory 
insecticide  tests  of  new  materials  preliminary  to  field  testing,  and  in- 
ves titrations  of  chemically  treated  bands. 

The  laboratory  project  was  strengthened  during  the  winter  of  19?4 
by  a  small  grant  of  fimds  from  the  Tobacco  Section  of  the  Agricultural  Adjust- 
ment Administration  for  special  v;or].-:  with  nicotine.     During  the  remainder  of 
the  season  the  regular  funds  were  supplemented  by  P.W.A.  funds.     The  results 
of  most  of  this  laboratory  work  have  been  discussed  in  the  section  of  this 
report  devoted  to  P. 17. A.  activities.     In  addition,  mention  should  be  made  of 
laboratory  tests  of  stea.ric  green  which  is  an  ace to-s tearate  of  copper  similar 
to  Paris  green.    A  paste  of  this  material  appears  to  have  a  high  toxicity  and 
satisfactory  physical  properties.     There  has  not  yet  been  opportunity  to  test 
it  on  foliage,  nor  in  the  control  of  the  codling  moth  in  the  orchard. 

In  1934  the  results  of  banding  tests  conducted  in  1933  were  completed. 
The  data  included  spring  emergence  of  moths  in  1954-  as  well  as  dead  larvae 
and  pupae,  but  did  not  take  into  account  moth  emergence  during  1933,   since  it 
was  not  possible  on  account  of  lack  of  funds  to  make  the  necessary  daily 
examinations  during  the  active  season.     However,   in  view  of  the  fact  that  moth 
emergence  was  taken  in  the  spring  of  1954,   the  comparative  efficiency  of  the 
various  treatments  as  reported  may  be  considered  fairly  reliable.     The  results 
of  the  tests  conducted  have  indicated  that: 

(1)  -  There  appears  to  be  no  advantage  in  darkening  a  chemically  treated 

band  with  lamp  black  in  order  to  provide  more  attractive  cocooning 
quarters  than  are  furnished  by  the  usual  band.    Apparently  the 
standard  treatment  with  beta  naphthol  and  oil  makes  a  sufficiently 
small,  dark  space  suitable  for  the  codling  moth  larva. 

(2)  -  Two  inch  width  half  bands  and  3  inch  width  half  bands  on  the  same 

trees  were  equally  efficient  v/ith  respect  to  the  total  catch  of  larvae. 

(3)  -  In  the  case  of  the  hot  dip  for  bands,   there  is  little  to  choose  between 

paraffine  base  oils  ranging  from  77  to  300  viscosity  S.U.V.  and 
probably  the  naphthene  base  oils  are  as  effective  as  the  paraffine. 

(4)  -  The  cold  dip  is  as  effective  a.s  the  hot. 

During  the  1934  season,   tests  were  conducted  to  determine  more  exactly 
the  weight  of  chemdca.!  coating  needed  in  the  bands  for  satisfactory  effective- 
ness.   Reports  on  this  work  are  not  yet  available. 

Yincemies,  Ind. 

The  codling  moth  work  of  the  Vincennes  station  is  carried  on  jointly 
by  the  Fruit  Insect  Division,  L.  F.  Steiner  in  charge,  and  the  Insecticide 
Division,  J.  E.  Fahey  in  charge,  in  cooperation  with  Purdue  University. 

Field  Fx-periments 

The  field  spraying  control  experiments  were  conducted  by  R.  F.  Sazama 
in  the  Huffman  orchard  at  Bicknell,   Ind.,   eighteen  miles  northeast  of  Vincennes. 


This  thirt3'--^-ear-old  orchr.rd  is  about  sixty  acres  in  extent  "but  there  are 
only  acout  45  acres  actuall-'  in  trees.     The  Ben  Davis  hlcck,  used  for ^  the 
main  experiments,   consisted  of  three  rows  running  across  the  entire  width  of 
the  orchard  at  the  southern  end.     The  plats  consisted  of  single  trees  replicated 
seven  times  and  randomized  throu.ghout  the  whole  block.     Six  trees  were  used 
in  obtaining  infestation  records,  while  the  seventh  was  used  for  furnishing 
samples  for  use  hy  the  chemist  and  also  for  artificial  infestation  in  the 
laborator:\r. 

Prior  to  the  calyx  spray  three  applications  were  made  for  the  control" 
of  apple  diseases.     Intended  primarily  for  codling  moth  control  were  the 
calyx  spray  and  nine  cover  sprays,  four  of  v^hich  were  applied  during  the  first 
brood. 

The  infestation  in  the  orchard  was  very  severe,  and  no  supplementary 
measures  v/ere  practiced.     The  crop  in  the  experimental  block  was  rather  light. 
Most  of  the  apples  hung  in  clusters,  and  the  trees  were  rather  thick  and  bushy. 
Under  these  conditions,  codling  moth  control  by  spraying  was  extremely  dif- 
f  i  cul  t . 

In  addition  to  the  experiments  on  Pen  Davis  reported  in  detail 
above,   experiments  were  also  conducted  against  the  second  and  third  broods 
of  worms  on  the  ITinesap  variety.     The  treatm.ents  given,   the  infestation  ■  counts , 
and  the  analyses  for  residu:^,  are  indicated  in  the  following  tables. 
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Results  of  Field  Experiments  in  Codling  Moth  Control  (Ben  Davis  Variety) 

3icknell,   Ind  -  1934 


Plat 
No. 


Treatment 


Worm  infestation 


?formy: Fruit  free 
f rui  t :  from  m^o  rms 

  :and  stings 

Lead  arsenate  1  l/2-50  with    jPeroent:'  Percent 
light  Bordeaiix  in  calyx  and 
late  covers;  8~50  in  1st  hrood 
covers.  ;56.8    :  1.3 

Lead  arsenate. 1  l/2-50  in 
calyx;  2-50  1st  cover  spray; 
natural  cryolite  1  l/2-50  + 
1/2^  summer  oil  remainder  of 
season.  '75.0    '.  5.6 

Lead  arsenate  1  l/2-50  with 
Bordeaux  in  calyx;  2-50  with 
Bordeaux  in  Ist  "brood  covers; 
nicotine  sulphate  1-800  plus 
white  oil  1^  in  2nd  &  3rd 
"brood  applications 


Cuprous  cyanide  2-50  vath 
white  oil^ 

Processed  nicotine-"bentoni te 
(Sfo  nicotine) 2  l/2-50  with 
white  oil  emulsion^  (calyx 
spray  omitted) 
Same  as  Plat  5,   except  with 
calyx  spray  of  lead  arsenate 
Processed  nice t ine-'bentonite 
2  1/2-50  i8<fo  nicotine)  with- 
out oil 

Processed  nicotine-"bentonite 
{8fo  nicotine)  1  1/4-50  with 
v;hi  t e  oil  emul s  ion^ 
Processed  nicQtine-"bentonite 
(Qfo  nicotine)  2  l/2-50,  with 
raw  white  oil  emulsified  in 
tank 

Lead  arsenate  1  l/2-50  in 
calyx;  2-50  in  1st  "brood 
covers;  cryolite  (natural) 
1  1/2-50  with  v/hite  oil  1/2^ 
rest  of  season 


60.4 
42.0 

81.4 
79.4 

81.3 

86.4 

75.7 


64.4 


4.1 
9.6 

4.4 


5.0 


4.8 


4.0 


3.5 


?/orm.s 
per  100 
apples 


124.4 


148.3 


153.6 
63.4 

153.5 
160.5 

155.9 

171.0 

138.5 


129.1 


Stings 
per  100 
apples 


474.3 


147.1 


226.7 
169.2 

121.7 
135.3 

136.3 

123.5 

161.3 


251.4 


Residue  at 
Harvest 


1 


Material 


PTd 


P 


Pb 
Cu 

Ph 
Pb 


PlD 


Grain 
per  Y 
pound 


.097 


.010 
.lib 


.026 
.279 

.003 
.007 


.030 


ReGidue  analyses  "by  Messrs.  J.  S.  Pahey  and  H.  W.  Rusk  of  the  Insecticide  Divisioi 

1/4^  in  1st  cover;  ifo  in  one  1st  "brood  and  one  2nd  "orood  cover; 
l/2/o  in  all  other  cover  sprays- 


Results  of  Field  Experiments  in  Codling  Moth  Control 

(Wine sap  Variety) 
Bicknell,   Ind.  -  193^ 


■  1 

plat: 

Treatment               :  Wormy  :'. 

ITo . : 

: fruit  : 

Percent 

11 

Lead  arsenate  3-100 

(with  a  weak  Bordeaux 

mixture) 

30.3 

12  . 

White  oil  emulsion  1 

1/2^0  to  2^b,  giving  a 

total  in  5  applications 

of  8.5^  oil,  plus  oleic 

acid  approximately  .2fo 

13 

Processed  nicotine- 

hen  tonite  (S%  nicotine) 

5-100,  without  oil,  ap- 

plied at  10-day  intervals 

1  ^1.3 

Do.  5-100,  with 

'.5/j  wliite  oil,  emulsified 

|in  tanlc. 

:  33.7 

15 

: Synthetic  cryolite,  3-lOC 

•with  white  oil  •^fo 

Worm  injuries 


Worms 
per  100 
.ipples 


Percent 


2.1+ 


6.5 


3.6 


U8.S 


58.0 


51.6 
U2.5 


Stings 
per  100 
apples 


610.5 


322.9 


^^17.5 

337.6 
361.0 


Residue  at  harvest 


Material 


Ph 


Ph 


Ph 


Ph 


P 


Grain  pc 
pound 


.122 


.0U5 


.03U 

.031 
.Okl 


All  plats  received  a  calyx  spray  and  four  cover  sprays  of  lead  arsenate  plus  a 
light  Bordeaux  during  the  first  hrood  period-.     The  experimental  treatments 
included  five  apolic>ations  against  worms  of  the  2nd  and  32"d  broods. 

Residue  analyses  by  Messrs.  J.  E.  Fahey  and  H.  W.  ^usiz  of  the  Insecticide 
Division, 


spray  Injury:    A  spray  progr-^  of  a  calyx  and  nine  cover  sprays  of  lead 
arisenate,  even  when  "buffered  with  a  light  Bordeaux,  is  severe  treatment  for 
apple  trees  in  southern  Indiana.    From  ahout  the  middle  of  the  simner  until 
after  spraying  was  stopped,  a  gradually  increasing  njnount  of  leaf  yellowing  and 
defoliation  "became  evident  on  both  the  Een  Davis  and  the  ''.Tinesap  trees. 

Although  the  natur<al  cryolite  in  Plat  2  caused  no  foliage  or  fruit  "burn- 
ing, it  reduced  the  size  of  the  fruit  appreciably.     Data  are  not  at  hand  to  show 
if  this  snme  dwarfing  of  the  fr-jiit  occurred  when  the  cryolite  was  confined  to 
the- sprays  after  the  first  "brood  period.. 

■  Oil-nicotine  following  lead  arsenate  left  the  foliage  in  excellent  condi- 
tion and  fmit  colored  naturally. 

Cuprous  cyanide  in  the  form  used  this  year  was  elimim'.ted  from  considera- 
tion as  a  spray  material  on  Ben  Davis.    The  fruit  was  so  severely  russetted  that 
f.ew,  if  any,,  apples  could  "be  .considered  first  grade,  even  discounting  insect 
■injuries.    The  last  two  or  three  sprays  also  injured  the  foliage  and  by  harvegt 
time  had  caus*2d  a  moderate  amount  of  defoliation. 

All  the  plots  sprayed  with  nicotine-bentonite  (5>'^»?}S,9,   13  "^-nd  lU) 
whether  with  or  without  oil,  caused  no  injury  to  the  fruit  or  the  foliage. 

On  Winesap,   the  heavy  dosages  of  mineral  oil-oleic  acid  caused  a  moderate 
amount  of  blackening  of  the  lenticels  on  the  xruit,  and  a  moderate  amount  of 
typical  oil  injury  on  the  foliage.     Since  winesap  is  considered  resistant  to 
oil  injury,  this  spray  program  would  be  very  hazardous  .on  many  other  varieti.es 
•  such  as  G-rimes,  Jonathan,  Ben  Davis,  or  Red  Delicious.. 

•   Spray  Residue:     It  is  evident  that  the  cold  washing  solutions  used 
commonly  in  this  section  are  not  adequate  to  cope  with  heavy  deposits  of  lead 
since  neither  Plot  1  nor  11  could  be  brought  below  the  required  tolerance  with 
either  ¥\r.ashing  solution  Y/hen  used  cold.  . 

Likewise,  with  the  cryolite- sprayed  fr.iit,  a  reduction  in  the,  residue  to 
meet  the  fluorine  tolerance  was  not  attained.  Synthetic  cryolite  is  apparently 
somewhat  easier  to  remove  thjan ■  natural  cryolite.  •       ■  ' 

The  l&ad  residua  was  removed  from  all  the  apples  subjected  to  a  calyx 
and  four  cover  sprrys  of  lead  arsenate  and  then  followed  by  a  non-lead  program 
whether  complicated  by  the  presence  of  oil,  or  not. 

.....  -V   ■  .....  _        ■  ■  ■  . 

The  copper  residue  resulting  from  the  use  of  cuprous  cyanide  in  Plot  U 
was  not  reduced  appreciably  by  either  washing- solution. 

Laboratory  5:ri3eriments 

More  than  172,000  newly  hatched  Icarvae  and  15,000  eggs  have  been  used 
for  tefsting  materials  in  the  laboratory  this  season.     The  studies  in  the 
laboratory  included  work  with  nicotine  carried  on  in  the  late  winter  of  193^ 
with  a  small  allotment  of  funds  made  by  the  Agricultural  Adjustment  Administra- 
tion (Toba.cco  Section).    As  in  the  case  at  the  Tak:oma  Park  station,  the 
labora.tory  investigations  during  193^^  were  in  part  financed  with  Public  Works 
Administration  funds.     Certain  of  the  results  secured  in  the  laboratory  have 
been  given  in  an  earlier  section  of  this  report. 
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Apples  were  te^zen  from  the  field  experiments  at  Bicknell  l^efore  and  after 
certain  of • the  sprays  were  applied,  and  exposed  to  artificial  infestation  in  the 
laboratory.    The  res'ilts  indicate  a  very  low  efficiency  for  all  materials,  but 
particularly  for  le^d  arsenate  during  the  second  half  of  the  first  broo.d  period 
(no  records  for  first  half).     They  also  show  differences  not  apparent  from  the 
harvest  records. 

During  the  fore  part  of  the  second  brood  period,  lead  arsena,te  was  exceed- 
ed only  by  oil-nico tine-bentoni te ,  although  cuprous  cyanide-oil  gave  comparable 
results  and  the  ovicidal  value  of  oil-nicotine  sulphate  was  not  measured.  During 
the  two  weeks  after  the  last  spray,  oil-nicotine-bentonite  and  cuprous  cyanide- 
oil  again  proved  superior  to  lead  arsenate.  , 

Tv/enty-six  laboratory  larvicidal  tests  each  comprising  10  or  15  spray 
treatments  and  requiring  from  3000  to  9000  larvae  were  conducted  during  the     •  . 
season,   the  last  test  being  completed  in  December.    Distilled  water  was  used  in 
these  tests  and  the  quantities  of  soap  or  spreaders  which  gave  the  best  results 
may  differ  from  those  needed  in  the  field.    Before  adoption  for  field  testing^ 
the  better  combinations  will  be  retested  using  orchard  waters. 

.  N-umerous.'-'  materials  we:.:o  tested  that  proved  of  no  value;   these  will  not 
be  listed  here. 

Lead  arsenate,  was  included  in  most  tests  as  a  standard, of  comparison. 
'7here  used  alone,  at  two  pounds  to  50  gallons  its  efficiency  va.ried  from  1+1. 5  to 
83.7  in  different  tests.     The  addition  of  soap  in  small  quantities  generally ; 
increased  its  efficiency, .two  ounces  per  pound  of  lead, being  superior  to  larger 
quantities.     There  appeared  to  be  little  difference  between  soaps.     Oil  added 
without  lime  caused  severe  floGculation  and  larvicidal  efficiency  was  usually 
diminished.     Soap  and  oil  in  combination  increased  its  efficiency. 

Zinc  meta  arsenite,   suoposedly  more  toxic  than  lead  arsenate,  failed  to 
retain  its  superiority  when  combined  with  Bordaaux  or  zinc-sulphate  lime  used 
af5  buffers.     When  used  alone  in  a  field  test,  ^0  -peTcent  defoliation  resulted. 
7hen  combined  with  1-3-50  Bordeaux. and  oil  it  gave  better  control  than  when  used 
alone.     Soap  also  increased  its  effectiveness  but  these  combinations  were  not 
tested  on  foliage. 

Cuprous  cyanide  in  combination  with  s''jmmer  oil  was  very  effective.  The 
addition  of  soap  to  this  combination  increased  control  slightly.     Certain  buffer 
agents  were  tested  but  anything  containing  lime  lov/ered  its  efficiency  very  much. 
The  use  of  salt  was  suggested  by- Mr.  iFahey  with  the  idea  that  it  v/ould  combine 
with  free  co  per  to  help  prevent  russeting.     It  appeared  to  improve  the  material. 
■jTeither  a  rrw  oil  nor  soybean  oil  were  as  effective  as  the  commercial  shammer 
oils  when  used  v/ith  cuprous  cyanide. 

Cryolite  was  compared  in  both  the  synthetic  and  the  natural  form,  the 
latter  appearing  somewliat  more  effective.    Oil  did  not  increase  their  efficiency 
in  the  laboratory..         ,,■  ..  ...  ,  ,  • 
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Bait  Trap  Experiment g 

Bait  Materials  and  Types  of  Traps  -  Approximately  20  bait  combinations, 
six  types  of  traps,,  and  three  methods  of  testing  halts  were  compared  using  600 
traps.     These.tra.ps  captured  about  23,5*^^0  moths  during  the  ^Season, 

In  the  most  extensive  tests,  oil  of  sassafras  at  one-h^lf  cc.  per  quart 
of  10  percent  dark  brown  sugar  solution  proved  superior  to  anything  else,  with 
citral  and  brovm  sugar  in  second  place.    These  were  used  at  Orleans  in  larger 
Public  "Torks  Administration  tests,  and  the  former  also  maintained  its  superiority 
there.     In  less  extensive  experiments    with  other  aromatics  the  catch  made  by 
oil  of  sassrfras  was  exceeded  by  that  of  bromo  styrol  in  dark  brown  sugar.  This 
appeared  to  be  a  very  promising  combination  and  was  consistently  best  v/hereever 
used.    Others  showing  promise  were  oil  of  mace,  n  butyl  s^Jlphide,  citronellal 
and  safrol,  each  in  combination  with  10  percent  dark  brown  sugar. 

Preliminary  cooperative  tests  in  which  the  better  Vincennes  baits  were 
tested  at  Yakima  and  the  better  Yakima  baits  tested  at  Vincennes,   indicated  that 
the  relative  attractiveness  of  certain  baits  is  entirely  different  in  the  two 
regions . 

The  standard  quart  glass  jar  with  quarter  mesh  covers  captured  fewer 
moths  than  tro- quart  stew  pans,  glass  cones  and  metal  cones.     However,  it  requires 
much  less  attention,  less  bait,  and  can  be  hj^ng  higher  in  the  tree  with  less 
danger  of  spilling.    A  trap  retaining  these  advantages,  yet  not  having  the 
objectionable  features  of  the  pans  and  cones  except  for  original  quantity  of 
bait  needed  was  devised.     It  consisted  of  tv/o  standard  tre.ps  joined  together 
in  such  a  way  that  each  could  be  emptied  independently  of  the  other  but  otherwise 
handled  as  a  single  unit.    This  proved  S2  percent  more  efficient  than  the  single 
jar  and  equaJled  the  best  of  the  other  types  in  effectiveness.     Two  ages  of  the 
bait,  or  two  different  baits  C8n  be  used  thus  insuring  a  more  uniform  protection 
for  es.ch  tree  in  which  it  is  used. 

Other  tests  showed  that  three-mesh  instead  of  four-mesh  covers  increased 
the  efficiency  95  percent.     If  the  baits  are  changed  at  two-week  instead  of 
three  or  four-week  intervals,  no  covers  need  be  used. 

Bait  Trap  Efficiency.-  The  combinations  of  experimental  baits  maintained 
a  rather  low  efficiency  as  indicatv^d  by  percentage  recovery  after  liberaj^ing 
nearly  1200  mporked  moths.    Recoveries  in  baited  areas  varied  from  9.3  to  UO.S 
percent.    However,  most  of  the  traps  were  of  the  single  quart  type  with  four- 
mesh  covers  and  they  contained  experimental  baits  many  of  which  were  of  little 
value , 

The  average  egg  content  before  oviposition  was  approximately  32^.  The 
average  egg  content  of  51  recaptured  females  alive  at  the  time  of  dissec;felon  was 
291.    '^he  least  number  of  eggs  found  in  a  recaptured  female  was  120,  eleven  days 
after  its  release.     It  seems  probable  that  no  more  than  a,  third  or  possibly  half 
of  its  potential  output  of  eggs  is  deposited  by  the  average  fema,le. 

Adult  Movement  -  Flights  made  by  recaptured  marked  moths  indicated  that 
the  average  distance  covered  amounted  to  ISO  feet  or  about  six  tree  rows.  The 
longest . flight  was  between  two  points,  2,000  feet  apart. 


If  this  flight  average  of  ISO  feet  is  an  indication  of  normal  movement, 
it  is  evident  that  in  experimental  spray  set-ups  larger  replicate  plans  m.ust 
"be  used  if  any  cumulative  "benefit  from  a  treatment  is  expected  to  "be  carried 
through  another  firood  and  sho^v  up  at  harvest.     It  '.vould  appear  that '  only  a  part 
of  the  "benefit  shown  hy  a  good  spray  treatment  against  one  "brooS.    will  he  visil^le 
after  another  hroo'd    has  been  passed  v/hilc  movement  away  from  the  poor  treatments 
will  tend  to  make  them  appea,r  "better  than  they  actually  are. 

Light  Trap  Experiments 

Tv/elve  light  traps  were  operated  from  mid-June  to  SeptemlDer  adjacent  to 
some  of  the  "bait  traps.    Most  of  the  moths  captured  were  taken  between  June  20 
and  30.    I>a.ring  this  period  t.     traps  captured  469  moths,  I7S  of  v/hich  were 
females  while  the  12  nearest  "bait  traps,   two  rows  to  the  north,  captured  203 
moths,   123  of  Yfhich  were  females.    Both  tj^es  of  traps  showed  a"bout  the  same 
fluctuations  in  moth  abundance. 

Lamps  of  higher  intensities  (200  we.tt)  appear  most  attractive  but  those 
with  some  ultra,  violet  output  such  as  the  G-1  and  CX,   even  though  of  com- 
paratively low  wattage,  were  nearly  a,s  good.     Traps  hung  over  places  where 
trees  were  missing  caught  practically  no  moths,  indicating  that  the  tree  itself 
is'  the  more  powerful  attrahent. 

Eanding  Experiments 

Tests  with  kOO  bands  at  Parkersburg,   111.,  conducted  by  A.  J.  Ackerma.n 
indicated  that  tliree-inch  untreated  corragated  paper,  cold  dipped  beta-n,aphthol 
and  alpha  naphthylamine  bands  about  equalled  each  other  in  attractiveness  each 
type  captijring  from  4,500  to      800  larvae  while  hot  dipped  beta  naphthol 
captured  only  3j600.    However,  at  Elberf eld' the  latter  type  proved  much  more 
attractive  than  untreated,  indicating  that  v<ariations  in  orchard  or  climatic 
conditions  ma,y  affect  the  relative  attractiveness  of  bands.    All  treated  types 
were  equally  effective  in  preventing  emergence.    Eour  inch  bands  were  but  little 
better  than  txio  inch  as  regards  numbers  of  larvae  caught.     The  use  of  a  two-inch 
band  on  both  trunk  and  scaffold  limbs  resulted  in  the  capture  of  4,240  larvae 
on  50  trees  as  comipared  to  2,75^  where  the  conventional  single  band  (in  this 
instance  four  inch)  was  used.     Cost  was  very  little  more. 

III.  -  COOPEPATION  IIT  HESILUE  REI/OVAL  Ilf/ESTIGATIONS 

The  Fruit  Insect  Diviso.      has  cooperated  actively  with  the  Bureau  of 
Plant  Industry  and  with  the  Insecticide  Division  of  this  Bureau  in  experiments 
with  spray  residue  removal.    A  number  of  plats  were  aprayed  by  the  Yakima,  Wa-sh. , 
station  to  fur-nish  fruit  treated  with  lead  arsenate  or  cryolite  in  certain 
desired  combinations  according  to  a  known  schedule.     Similarly,  the  Kearneysville 
station  furnished  to  the  Bureau  of  Plant  Industry  -  apples  sprayed  with  Ica.d 
arsenate,  alone  and  eJso  with  several  spreaders.     This  material  came  from  a  few 
extra  trees  not  needed  for  the  regular  experimental  plats. 

Since  the  leadership  in  residue  removal  work  rests  with  the  Bureau  of 
Plant  Industry,  a  report  on  this  work  will  be  made  by  that  Agency. 


Residue  Removal  Investigations 


The  followii^  ppper»  entitled  "Lead  Besid'aes  and 
Tlieir  Removal  as  Influenced  "by  Spra^^  Programs,"  is  in- 
cluded in  this  report  for  the  information  of  those  inter- 
e  sted. 


LEAD  BESIDUES  AilD  THEIR  REIvIO'.'AL 
•  '        AS  IlIELUEl^CED  BY  SPRAY  PROGRAIvIS  1/ 

■    -  •  ■  I 

By  M.  H.  Haller,  Bureau  of  Plant  Industry,  Urdted  States 
•■  :    I>epartm.ent  of  Agriculture ,  J.  H.  Beaumont,  University 
of  Maryland,  C.  W.  Hurray  and  C.  C.  Cassil,  Bureau 
of  Entomology  and  Plant  Quarantine,  United  States 
Eepprtment  of  Agriculture. 

Introduction 

T7ith  the  estahli  shment  of  a  regulatory  tolerance  for  lead  in 
1933  many  fruit  growers  throughout  the  East  turned  to  substitute 

sprays  for  lead  arsenate  or  to  restricted  spray  programs.  These  ' 
efforts  to  avoid  washing  usually  resulted  in  increased  worm  infesta- 
tion and  were  found  "by  experience  to  he  uneconomic.  This  has  caused  ^ 
a  return  to  a  nore  adequate,  program,  of  lead  arsenate  sprays  and  the  1 
necessity  of  washing  to  remove  the  excessive  residue.  Since  the  ! 
growers  are  now  to  a  large  extent  equipped  to  wash  their  fruit,  it  ' 
should  he  possible  to  follow  more  effective  spray  programs  than  are  ' 
usually  recommended.  ..      .  , 

The  investigations  reported  here  were  undertaken  in  1934  to 
determine  to  what  extent  certain  m.odifi cations  of  the  spray  program 
that  might  increase  its  effectiveness  would  influence  the  amount  of 
residae  on  the  fruit  at  harvest  or  the  difficulty  of  remova.l . 


Material  and  Methods 

The  fruit  for  these  investigations  was  grown  near  Frederick, 
Md,,  and  Kearneysville ,  F.  Va.-'  At  Frederick,  Md.  four  varieties  of 
apples  (Jonathan,  G-rimes  G-olden,  Delicious  aJid  Stayman  Winesap)  were  given 


~  Presented  at  the  meeting  of  the  American  Society  for  Horticultural 
Science,  Pittsburgh,  Pa.,  December  27-29,  1934;  to  be  published  in  the 
Proceedings  of  the  Society.  ^  . 

_2/The  cooperation  of  Mr.  E.  G-ould  and  his  associates  of  the  U.  Bureau 
of  Entomology  and  Plant  Quarantine,  who  were  responsible  for  the  spray 
plots  at  Kearneysville,   is  gratefully  acknowledged. 
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differential  spray  treatments  consisting  of  five  and.  seven  cover  sprays 
of  lead  arsenate,  3  pounds  to  100  gallons.    To  certain  of  the  five 
cover  spray  plots  fish  oil  (1  qt.  to  100  gal.)  or  mineral-oil  emulsion 
(l  gal.  to  100  gal.)  was  added  in  early  and  late  cover  sprays.  Bec^-^use 
of  the  use  of  oil  in  some  of  the  early  cover  sprays  Bordeaux  mixture 
was  used  as  the  fungicide  during  the  entire  season.    At  Keameysville , 
W.  Va.,  two  varieties  of  apples  (Stajnnan  Winesap  and  York  Imperial) 
were  sprayed  with  five  and  seven  cover  sprays  of  lead  arsenate  3  pounds 
to  100  gallons  with  fish  oil  (1  qt .  to  100  gal.),  mineral  oil  emulsion 
(l  gal.  to  100  gal.)  or  casein-lime  spreader  (1  It.  to  100  gal.)  added 
to  the  second  hrood  cover  sprays  (fourth  and  subsequent  'sprays).  The 
usual  fungicides  were  added  to  these  sprays. 

To  reduce  the  sampling  variability,  the  apples  were  sorted  and 
only  the  medium-sized  fruit  was  used.    The  fruit  was  held  at  32°  F. 
until  the  washing  treatments  could  be  given  which  was  usually  within 
a  we6k  of  picking.    For  the  washing  treatments  a  flotation- type  washer 
having  a  false  floor  and  a  slat  conveyor  that  pushed  the  fruit  through 
the  solution  was  used.     The  time  of  exposure  to  the  wash  solution  was 
one  minute. 

Samples  for  analysis  usually  consisted  of  60  to  90  apples  for  -uji- 
washed  lots,  and  of  30  to  50  apples  for  washed  lots.    Analyses  were  made 
in  duplicate  or  triplicate,  15  to  30  apples  being  used  for  each  analysis. 
Since  the  ratio  of  lead  to  arsenic  trioxide  in  the  residues  from  lead 
arsenate  sprays  is  almost  invariably  in  excess  of  2  to  1  while  the-  ratio:." 
of  their  tolerances  is  less  than  2  to  1  any  treatment  that  effectively 
removes  the  lead  can  be  assumed  to  be  effective  for  arsenic.    For  this 
reason  lead  only  was  determined.    The  consequent  saving  in  time  permitted 
of  more  extensive  removal  investigations  than  would  have  been  possible  if 
both  lead  and  arsenic  had  been  determined. 

The  method  used  for  determining  t^.e  lead  in  these  samples  may 
be  very  briefly  described  as  follows t  ^/    ^-^^  peels  from  each  sample  ' 
of  15  to  30  apples  were  heated  with  concentrated  nitric  acid  until 
they  were  completely  "mtished"  and  showed  little  or  no   ^. stringiness .  , 
The  mush  was  then  made  to  volume  and.  filtered,  after  which  a  suitable  • 
portion  of  the  filtrate  was  made  anTaoniacal', and  extracted  with  a 
chloroform  solution  of  di phenyl  thiocarbazone .    The  chloroform  solu- 
tion, which  contained  the  lead,  was  evaporated  to  dryness  and  heated 
with  a  little  concentrated  nitric  acid  to  destroy  the  organic  lead 
compound,  after  which  the  solution  was  diluted  and  electrolyzed 
between  platintun  electrodes.    The  deposit  of  lead  peroxide  was 
dissolved  from  the  anode  by  means  of  a  solution  containing  potassium  ■  '  ■  ' 
iodide,  and  the  liberated  iodine  titrated  vrith  standard  thiosulphate 
solution. 


3/    This  is  a  modification  of  the  method  described  by  ^ichmann, 
Hurray,  Harris,  Clifford,  Loioghrey  and  Yorhes,  Journal  of 
the  Association  of  Official  A^rricultural  Chemists  17  (l); 
108-135,-  1934.  '      .•  , 


Ta"ble  1.  Relation  of  spray  treatments  to  lead 
residues  to  harvest  and  after  various  washing 

treatments.    All  results  in  grains  of  lead  per 

pound  of  fruit. 


S-praY  treatments 


:  Washing  treatments  „  
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ITote  I/l.A.      Lead  Arsenate  3  lb.  to  100  gal. 

2/  P.O.  z  Fish  oil  1  qt.  to  100  gal. 

3  /  ^ 

—  M.O.  =  Mineral  oil  emulsion  1  gal.  to  100  gal. 

—  CCS.-  Calcium  caseinate  spreader,  1  lb.  to  100  ga.l . 
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Re.Gults    ■     .  ' 

The  lead  residues  at,  hnrvest  and  after  certain  washing  treatments 
are  presented  in  tahle  1  for  Jonathan  aiid  G-rimes  Golden  from  Frederick, 
i'.Id. ,  ond  for  Stayman  Winesap  and  York  Imperial  from  Kearneysville ,  W.  Va. 
The  plots  with  five  coyer  sprays  .of  lead  arsenate  plus  a  fungicide  corres- 
pond closely  to  common  commercial  practice  in  the  East  and  are  used  as 
standards  for  comparison  with  the  other  plots.    The  results  show  that  the 
addition  of  either  fish  oil  or  mineral  oil'^to  the  first  two  cover  sprnys 
(table  l)  has  not  increased  the .  cmiount  of  residue  at  harvest  or  increased 
the  difficulty  of  removal  ,  ■  ■ 

Although  the  results  for  Jonathan  indicate  a  lower  residue  at 
harvest  with  the  addition  of  fish  oil  in  the  first  two  covers  the  other 
varieties  from  Frederick,  Md. ,  do  not  show  any  such  reduction  in  residue, 

Tb.e  addition  of  fish  oil  to  the  second  hrood  cover  sprays  usually 
increased  the  amount  of  residue  at  harvest  "but  did  not  make  removal  more 
difficult  with  the  fruit  from  either  Frederick,  Md. ,  or  Keamej^sville , 
'.T.  Va.  Likewise  the  addition  of  cplcivm.  caseinate  spreader  to  the  second 
"brood  sprays  at  Kearney sville  usually  increased  the  load  at  harvest  hut 
did  not  increase  the  difficulty  of  rem.oval. 

The  addition  of  mineral  oil.  to  the  second  hrood  cover  sprays  in 
all  cases  rreatly  increased  the  amount  of  residue  at  harvest  and  also 
made  cleaning  consi derahly  more  difficult. 

The  washing  treatment  required  to  condition  the  "fruit  varied  with 
the  spray  treatment,  variety  and  locality  where  grown.  '  When  washed  with 
0.5  percent  hydrochloric  acid  at  room  temperature,  the  residues  on  all 
lots  of  Jonathan  and  Grimes  Golden  from  Frederick,  -Md. ,  '-^ere  "brought  to 
helow  the  lead  tolerance  of  .019  ^rain  lead  per  poujid  of  fruit  except 
on  the  apples  from  the  plots  that  had  mineral  oil  in  the  late  cover  sprpys. 
This  same  washing  treatment  was  ineffective  with  either  Stayman  Winesap 
or  York  Imperial  from  any  of  the  spray  plots  at  Kearneysville .  Wlien 
the  acid  concentration  of  'the  washing  solution  was  increased  to  1.5  per- 
cent at  room  temperati;Te  the  Jonathan  ajid  Grimes  Golden  apples  from  the 
plots  with  late,  cover  sprays  of  lead  arsenate  and  mineral  oil  wore  cleaned 
to  within  the  tolerance.    This  treatment,  was,  however,  ineffective  with 
apples  from  comparably  sprayed  Stayman  ^Tinesap  and  York  Imperial  plots  at  ' 
Kearneysville,  W.  Va.  ,  or  With  apples  from  any  of  the  seven  cover  spra;;*^ 
plots  at  Kearneysville,  but  was  effective  with  the  apples  from  the  five 
cover  plots  other  than  those  receiving  sprays  containing  mineral  oil. 
With  1.5  percent  hydrochloric  acid  heated  to  100*^  F.,  the  apples  from. 
all  the  Stayman  Winesap  and  York  Imperial  plots  except  those  receiving 
seven  cover  sprays,  the  last  four  containing  mineral  oil,  were  cleaned 
to  ivithin  the  tolerance.     It  might  be  m.entioned    in  this  connection  that 
with  the  addition  of  Vatsol  to  the  above  washing  solution  the  apples  from 
these  plots  also  were  brought  to  within  the  tolerance.     (Results  not 
given.) 

The  amount  of  residue  at  harvest  and  consequently  the  ease  of  clean- 
ing following  a  given  spray  program  may  vary  considerably  depending  on  the 
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v/eather  conditions  prevailing  during  the  growing  season.     The   season  of 
1934  vras  abnormal  in  that  the  early  part  of  the  season  was  ■unusually  dry 
and  in  the  latter  part,  particularly  ^ eptemher ,  the  rainfall  greatly 
exceeded  normal.    A  comparison  of  the  1934  results  with  those  of  1953 
indicates  that  with  similar  spray  schedules  of  lead  arsenate  the  residues 
at  harvest  were  about  the  same  "both  seasons  but  that  their  removal  was 
considerably  more  difficult  in  1934.    Thus,  all  of  our  experimental  lots 
in  1933  that  received  five  cover  sprays  of  lead  arsenate  were  cleaned 
to  less  than  .01  grain  of  lead  per  pound  by  washing  with  0.5  percent 
hydrochloric  acid  at  room  temperature,  whereas  with  the  same  washing 
treatment  in  1934  the  residue  on  similarly  sprayed  fruit  was  in  all 
cases  above  .01  grain  per  pound  and  was  even  in  excess  of  the  tolerance 
on  the  apples  from  Kearneysville .    This  indicp.tes  that  with  hydrochloric 
acid  at  room  temperature  more  effective  cleaning  than  that  obtained  in 
1934  might  normally  be  expected. 

Discussion 

The  results  of  spraj'ing  and  washing  investigations  in  the 
Shenandoah- Cumber  land  Valley  in  193''--  indicate  that  fish  oil  or  mineral 
oil  might  be  added  to  the  first  two  le.^d  arsenate  cover  sprays  without 
influencing  fehe  amount  of  residue  at  harvest  or  its  removal.    It  should 
be  pointed  out  that  if  mineral  oil  is  used  a  sulfur  futigicide  cannot 
be,  and  if  Bordeaux  is  used  as  the  fungicide  there  may  be  danger  of 
spray  burn  during  cool  weather. 

The  results  indicate  that  the  addition  of  mineral  oil,  fish- 
oil  or  casein-lime  spreader  to  the  late  cover  sprays  of  lead  arsenate 
increases  the  residue  at"  harvest,  particularly  so  in  the  case  of  mineral 
oil.    The  difficulty  of  removing  the  excessive  residue  was  greatly  increased 
by  the  addition  of  mineral  oil  to  the  late  cover  spra.ys  but  was  not  appre- 
ciably influenced  by  the  addition  of  fish  oil  and  casein-lime  sDreader. 

The  applica„tion  of  seven  cover  sprays  extending  later  in  the  sea.son 
increased  the  amount  of  residue  at  harvest  and  the  difficulty  of  removal 
as  compa.red  with  that  following  five  cover  sprays. 
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Seasonal  conditions  and  codling  moth  ab-Jindance  during  the  133'^  season. 

In  the  rTorthv/est  the  season  started  tv;o  weeks  or  more  earlier  than 
normal,  and  a  month  earlier  th^n  in  1333 j  permitting  in  many  localities  the 
development  of  a  large  third  "brood  of  woi-^ns  v/ith  consequent  serious  damage 
late  in  the  season.    In  other  localities,  particularly  in  certain  parts  of 
Oregon,  there  was  sufficient  cool  weather  in  the  early  season  so  that  the 
infestations  were  practically  normal  in  spite  of  the  long  season.     In  the 
Middle  West  the  season  started  a  little  earlier  than  us^ial .    From  the  be- 
ginning temperatures  were  high,  and  as  a  res^Jlt  the  worms  of  the  first  hrood 
were  extremelj'-  numerous.    With  the  -UQprecedented  heat  and  dro'oght  of  mid- 
sijmmer,  however,  worms  of  the  second  "brood  were  a"bnormally  scarce,  apparently 
because  of  the  effect  of  these  conditions  on  the  egg-laying  activities  of 
the  moths  or  uoon  the  eggs  themselves  after  they  were  laid.     In  certain 
localities  worms  again  "became  numerous  in  late  summer  and  early  fall  after 
temperatures  became  lower.     In  the  "East,   conditions  appeared  to  be  approxi- 
mately normal,   although  in  the  northeastern  part  of  the  United  States,  es:- 
pecially  in  New  York  State,   the  extremely  low  temperat^jres  of  the  preceding 
winter  had  reduced  materially  the  carry-over. 

Hes^Jilts  of  exT)erim.ental  v/ofk. 

A.     Control  by  insecticides. 

(l)    Lead  arsenate  -  Lead  arsenate  continued  to  be  the  standard 

insecticide  for  codling  moth  control,   althougn  it  is  admittedly 
in-adequate  to  dea.1  with  severe  infestations.     Reports  from 
Arksjisas,  Indiana,  "Virginia,  and  New  Jersey;-  mention  more  or 
less  foliage  injury  from  its  use.     The  addition  of  white  oil 
at strengths  varying  from  1/2  percent  to  1  percent  has  in 
practically  all  cases  increased  the  control  obta,ined  and  at  the 
same  time  las-  caused  serious  difficulty  in  residue  removal, 
necessitating  the  use  of  the  best  equipment,   the  hea.ting  of  the 
solutions,  and  the  addition  of  wetting  agents. 


(2)    Hon- lead  arsenical s. 


^^i^Jp-iy^  arsenate  -  ".-.luch  less  work  wa.s  done  with  .calci'om  arsen^ute 
duiung  193^^  than  in  the  preceding  yea.r.     In  general  the  results 
in  133^  were  unsatisfactory  -  similar  to  those  obtained  in  1333 • 
In  a  few  States,  however,  -  Iowa,  Oregon,  and  Washington  - 
favorable  results  have  been  obtained.     It  appears  that  calcium 
arsenate  ha,s  the  greatest  chance  of  success  in  areas  in  which 
the  codling  moth  is  a-  minor  factor,   such  as  the  Willamette 
Valley  in  Oregon,  upper  Mic"higan,  the  Hudson  lalley,  and  the 
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New  England  States.     In  areacs  in  which  infestations  are  severe, 
good  results  have  "been  the  exception  rather  than  the  rule. 

Manganese  arsenate  -  Tests  reported  from  California,  Delaware, 
Ohio,  and  Oregon  indicated  that  manganese  arsenate  is  decidedly 
inferior  to  lead  arsenate  in  its  effectiveness.     In  California 
it  caused  severe  injury.     In  Iowa,  under  conditions  of  light 
infestation,   it  was  apparently  ahout  equal  to  lead  arsenate. 

Magnesium  arsenate  -  A  single  test  was  reported  from  Delaware, 
in  which  the  performance  of  this  material  was  very  poor. 

Zinc  arsenate  -  In  Michigan  a  form  of  zinc  arsenate  has  ap- 
peared to  be  nearly  as  effective  as  lead  arsenate,  confirming 
■  results  obtained  in  1933 •    Missouri  and  Illinois  also  reported 
results  comparable  with  those  from  the  use  of  lead  arsenate.  ' 
On  the  other  hand,  the  performance  of  certain  forms  of  zinc 
arsenate  in  Delaware  and  Indiana  was  very  unsatisfactory. 

Zinc  arsenite  -  Zinc  arsenite  was  tested  by  State  workers  in 
Idaho  and  Oregon.     In  both  series  of  experiments  the  control 
was  comparable  to  that  resulting  from  the  use  of  lead  arsenate. 
Zinc  sulphate  and  aluminum  sulphate  were  used  as  buffers  to 
prevent  foliage  injury.     Such  combinations  have  not  been  tested 
extensively  under  humid  conditions;  without  the  buffers,  zinc 
arsenite  often  causes  very  serious  foliage  injury.     Zinc  arsen- 
ite combined  with  zinc  sulphate  and  calcium  hydroxide  gave  poor 
results  in  experiments  conducted  at  the  Yakima  station  of  the 
Bureau  of  Entomology  and  Plant  Quarantine. 

Stearic  green  -  Stearic  green,  a  compound  similar  to  Paris 
green,  in  a  paste  form  showed  good  toxicity  in  laboratory  ex- 
periments conducted  by  the  Bureau  of  Entomology  and  Plant 
■Quarantine  but  has  not  as  yet  been  tested  in  the  field  or  on 
foliage . 

)    Fluorine  compounds . 

Cryolite  -  In  Colorado  and  Washington,  cryolite  has  continued 
to  give  effective  control  of  the  codling  moth.     In  Oregon  and 
California,  however,  the  results  have  been  much  less  satisfac- 
tory.    In  the  Middle  i7est  and  East  results  continue  to  be  rather 
conflicting,  a  few  stations  reporting  fair  to  satisfactory  con- 
trol when  the  materials  were  used  with  oil  during  the  latter 
part  of  the  season.     !faen  used  without  oil  the  results  have 
been  invariably  poor.     The  removal  of  cryolite  in  the  Northwest 
has  proved  to  be  an  extremely  difficult  matter.     Residues  re- 
sulting from  schedules  including  more  than  two  late-brood 
applications  of  cryolite  have  in  many  cases  not  been  cleaned  to 
the  tolerance.     In  general,   synthetic  cryolite  has  been  found 
a  little  less  effective  than  the  natural  cryolite. 

Barium  f luosilicate  -  This  material  was  tested  at  comparatively 
few  points  in  193^*     In  Oregon  and  Indiana  it  gave  poor  control. 
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In  California  it  gave  fair  control,  "but  some  defoliation. 

(U)    Other  inorganic  materials. 

Cuprous  cyanide  -  In  '5  tests  out  of  7»  cuprous  cyanide  has 
given  effective  control.     In  3  of  these  tests,  however,  it 
caused  serious  injury,  particularly  in  the  form  of  fruit  rus- 
setting. 

(5)    Organic  materials . 

Oil-nicotine  -  ^'hen  applied  on  the  same  schedijle  as  lead  arsen- 
ate, the  coratination  of  oil  with  nicotine  sulphate  has  given 
eqioivalcnt  results  in  a  numher  of  experiments  and  somewhat 
poorer  control  in  .a  few.     When  the  number  of  applications  has 
l)een  increased  to  the  point  where  the  sprays  are  applied  every 
week  to  ten  days,   the  oil-nicotine  mixture  has  in  many  cases 
given  better  results  than  those  obtained  by  the  use  of  lead 
arsenate.    Mention  should  be  made,  however,  of  certain  dis- 
advantages.   An  entire-season  schedule  of  applications  of 
nicotine  and  oil  has  in  some  cases  resulted  in  direct  injury 
and  stunting  of  the  foliage  and  fruit.     The  oil  is  incompatible 
with  sulphur  f'jngicides.     The  use  of  oil-nicotine  in  part  of 
the  schedule,  following  lead  arsenate,   interferes  seriously 
with  the  removal  of  lead  and  arsenic  residues,   even  though  the 
total  quantity  of  residue  involved  is  less  than  that  deposited 
by  a  full-season  schedule  of  lead  arsenate  77ithout  oil  in  the 
late  sprays. 

The  oil-nicotine  combination  may  possibly  find  a  place 
in  the  spraying  of  early  varieties,   such  as  the  Transparent, 
which  is  often  badly  bruised  in  the  washing  process,  and  which 
requires  only  a  smiall  number  of  first-brood  spray  applications. 
It  may  also  find  a  place  in  sections  in  which  the  residues  are 
moderate,  as  a  means  of  avoiding  the  necessity  for  washing. 

iMicotine  t annate  -  Hicotine  t. annate  has  continued  to  give  ef- 
fective control  in  experiments  conducted  in  New  Jersey.  The 
B"'.ireau  of  Entomology;-  and  Plant  Quarantine  tested  this  mixture 
at  a  number  of  points  during  the  season  of  193^*     In  general 
the  results  have  been  much  inferior  to  those  obtained  with  lead 
arsenate  and  with  the  nicotine-oil  mixt-jre.    ^hen  used  with 
bentonitc-sulTDlTor  the  control  obtained  hc.s  baen  somewhat  better, 
but  the  sulphur  has  caused  severe  frmt  injury  in  several  of  the 
exp-eriments  and  appears  unsuitable  for  use  in  midsummer  under 
conditions  of  iiigh  tom,perature. 

ITicotine-bentonite  -  A  factor:/  processed  material  was  used 
extensively  in  the  work  conducted  by  the  Bureau  of  Entomology 
and  Plant  Qijarantine .     The  results  were  in  general  very  un- 
satisfactory.   Apparently  the  wetting  agent  used  in  preparing 
this  nicotine-bentonite  mixture  caused  too  much  of  a  run-off-' 
of  the  material,   resulting  in  a  very  light  deposit.     The  Ilew 
Jersey  station  has  reported  favorable  results  with  a  mixture  of 


^  •       •     ■'■  nicotine  and  "bent onite  prepared  in  the  spray  tank,  and  this 
Gomhination  is  undoubtedly  worth  further  investigation. 
Several  workers  have  'commented  on  the  heavy  deposit  of  spray 
residue . resulting  .from . the  frequent  application  of  mixtures 
'  '  cdntairiing  heht oni-te ,  ;  Although,  the  hentonite  is  nonpoisonous 
'■-  '  to  human,  "be.ingSj  -.'buyers  discriminate  against  fruit  showing  any 

^-'^     -'signs  of  visible  residue, 

Derris  -  Derris  was  tested  very  extensively  "by  the  Bureau  of 
Entomology  and  Plant  Quarantine  during  the  193^  season.  The 
mixture  used . consisted  of  one  part  of  finely  ground  derris  root 
■'  '   •   '       '    with  three. parts  of  kaolin,  the  specifications  calling  for  1 

percent  of  rotenone  in  the  finished  product.    This  material. was 
■  ■     tested. at  strengths  of  5  pounds  and  10  po'inds  per  100  gallons, 
"  ■         respectively,   on  varying  schedules  and  in  some  cases  in  com- 

■  ^     hination  with  oil.     The  results  throughout  were  definitely  un- 

'  '  '       satisfactory,    Neither  increases  in  concentration  nor  increases 

■  in  the  numher  of  aT3plications  resulted  in  increased  control, 
indicating  that  the  material  had  little  or  no  value.    The  ad- 
dition of  oil  gave  it  a  certain  degree  of  effectiveness,  hut 

■  ■  this  is  attributed  to  the  oil  rather  than  to  the  derris.  The 

"  kaolin  Used  as  a  carrier  resulted  in  an  unsightly  deposit  that 

could  not  be  removed  by  any  of  the  standard  washing  treatments, 
and  otherwise  high  qua.lity  fruit  from  certain  of  the  experiment- 
al blocks  had  to  be  disposed  of  at  a  cannery.     The  Oregon  sta- 
tion tested  derris  in  the  ^Villaraette  Valley  with  very  poor  re- 
sults. 

Cube    -    Mixtures  of  cube'  root,   similar  to  the  mixtures  of 
-  derris  root  just  mentioned,  were  tested  on  a  limited  scale 

in  certain  of  the  Bureau's  experiments.  The  results  indicated 
that  such  mixtures  of  cube  root  are  ineffective  in  controlling 
the  codling  moth. 

Pyre thrum  -    Ground  pyrethrum  diluted  with  kaolin  to  contain 
0.25  percent  of  pyrethrins  was  tested  by  the  Bureau  of  Entomology- 
and  Plant  '^^uarantine  at  a  number  of  points.     The  results  were 
no  better  than  those  obtained  with  derris  and  cube  mixtures. 
P.yrethrum  was  used  in  a  number  of  different  forms  by  the  Wash- 
ington Experiment  Station  at  strengths  costing  approximately 
the  saiTie  as  nicotine  sulpliate.     The  codling  moth  control  was 
unsatisfactory  in  ever;'  case, 

B.     Control  by  m.eans  other  than  spraying. 

(1)  Bands 

The  use  of  chemically  treated  bands  appears  to  be  increas- 
ing.   There  is  still  a  definite  need  for  standardization  of 
their  manufacture.     In  Delaware  the  tendency  has  been  toward 
■    the  use  of  untreated  bands,  which  involve  a  l,ow  cash  outlay. 
Practical  tests  in  I.llinoi.s  showed  a  reduction  in  the  amount  of 
.  :  ■  codling  moth  injury  from  30  percent  in  the  -onbanded  portion  of 
the  orchard  to  I7  percent  in  the  banded  portion.    A  three-year 
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experiment  in  the  Willamette  Valley  showed  the  handed  portion 
of  the  orchard  to  he  So  percent  clean  and  the  unhanded  9^ 
percent.     In  worx:  conducted  07  the  Bureau  of  Entomolo^  and 
Plant  Qua.rantine  in  southern  Indiana  reductions  of  3 6  to  hS 
percent  in  the  worm  population  resulted  from  the  cleaning  and« 
ha.nding  of  half  of  a  UO-acre  orchard. 

Sanitation. 

Numerous  further  ohservations  have  heen  added  to 
previous  information  on  the  value  of  orchard  and  packing  shed 
sanitation.     In  Indiana,  hurning  over  the  surface  of  the  orchar 
with  an  oil  burner  apparently  reduced  the  codling  moth 
population  I7  percent.     The  Indiana  station  has  also  developed 
a  mixture  for  closing  knot  holes  and  other  places  which  are  not 
readily  reached  in  the  scraping  and  cleaning  operations. 

Bait  trap  studies . 

In  an  experiment  in  southern  Indiana  involving  the  halting 
of  a  35-acre  hlock  in  a  large  orchard  the  Bureau  of  Entomology 
and  Plant  Quarantine  nas  demonstrated  a  reduction  of  infesta- 
tion;  otherwise  the  halts  are  being  used  chiefly  as  a  means  for 
timing  spray  applications. 

Light  traps . 

The  work  conducted  Jointly  by  the  Bureau  of  Entomology  and 
Plant  Quarantine  and  the  New  York  Experiment  Station  has  con- 
tinued to  demonstrate  that  the  use  of  the  electrocutor  type 
of  light  traps  gives  a  definite  reduction  in  codling  moth  in- 
festation.    Similar  results  have  been  obtained  by  the  Bureau  of 
Entomology  and  Plant  Quarantine  in  a  5-l/2-acre  block  in 
southern  Indiana.    A  slight  benefit  resulted  from  the  use  of. 
light  traps  in  certain  experiments  carried  on  by  the  Massachu- 
setts station.     On  the  other  hand,   the  installation  of  30  light 
traps  in  an  orclis.rd  in  Michigan  showed  no  improvement. 

Parasite  control . 

The  results  of  Trichogramma  experiments  reported  during 
193)4  were  entirely  negative. 
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